| 


VOLUME 49 NUMBER 9 ONE YEAR THREE DOLLARS 


GOLA 


SERSIANT 
BOREBEK 


Regardless of size or capacity, a 
SOLA Constant Voltage Transformer 
does just one thing. It takes line 
voltages coming in like this 

and feeds them to your equipment 
like this : 


If there is any doubt as to the need 
for voltage regulation, hook a re- 
cording volt meter to your supply 
line. The tracings may provide the 
answer to much unsatisfactory 
equipment performance. 


Voltage from a supply line may 
vary as much as 30% from its rated 
value. Against these sudden lags 
and surges no electrical or electronic 
equipment can perform at peak effi- 
ciency, no matter how much leeway 


has been provided in the label rating. 


Without manual supervision (no 
dials to turn or adjustments to 
make), a SoLA Constant Voltage 


‘Transformer instantly corrects sup- 


ply line variations as high as 304 to 
within +1% of the label rating. 


Sota Constant Voltage Transform-_ 


ers have no moving parts, no tubes 
or networks—nothing to get out of 


order. ‘They protect both themselves 


and your equipment against short 
circuit. ; 

Standard designs are available for 
any electronic or electrically oper- 
ated equipment requiring capacities 
from 10VA to 15KVA—many de- 
signed specifically for chassis mount- 


Conilinit Volinge 


ing. As a built-in component they 


eliminate other, more expensive ele- | 


ments, and reduce the cost of equip- 
ment maintenance. 


_ If standard designs do not meet © 
your requirements, special units can — 


be built to your exact design speci- 
fications. 


Write for New Handbook 


Here’s the answer to a problem 
that confronts every manufac- 
turer or user of electrically oper- 


TR A Ro &, Ee & Se 4 Rye | = Pe 4 & ated or electronic equipment. 


Ask for Bulletin 7CV-102 


Transformers for: Constant Voltage « Cold Cathode Lighting *« Mercury Lamps « Series Lighting * Fluorescent Lighting * X-Ray Equipment « Luminous Tube Signs 


Oil Burner Ignition e Radio e Power e Controls « Signal Systems e etc. SOLA ELECTRIC COMPANY, 2525 Clybourn Avenue, Chicago 14, linois 
Manufactured in Canada under license by FERRANTI ELECTRIC LIMITED, Toronto ; 
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Coe the number of motor and generator 
brush sizes and types your company orders and 
stocks. The number will surprise you. Even more 
startling, if you investigate further, is that a great 
part of this inventory is really unnecessary! 
National Carbon Company, Inc., has launched 
a program of simplification and standardization 
to the greatest possible degree of carbon, graphite, 
and metal-graphite brush specifications. Eventu- 
ally, the result of such effort will be the stocking 
of brushes of standardized types and grades. 
It’s a certainty that you can save money for 
your company by reducing the variations in brush 
specifications and by streamlining your brush 
orders and inventories. National Carbon Co., Inc., 
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HOW BRUSH 
| SIMPLIFICATION 
PAYS: 


. Price advantage and accounting. 


through quantity dis- 3 Yess money and 
counts, space tied up in brush 
2. Reduction of small Stocks. 

orders—saving time in 4. Less time needed to 
bookkeeping, billing, handle stock. 


is ready to assist you in taking advantage of this 
program. Simply get in touch with our nearest 
Division Office today. Dept. GE. 


The word “National”’ is a registered trade-mark of 


NATIONAL CARBON COMPANY, INC. 


Unit of Union Carbide and Carbon Corporation 


30 EAST 42nd STREET, NEW YORK 17, N. Y. 
Division Sales Offices: Atlanta, Chicago, Dallas, Kansas City, New York, Pittsburgh, San Francisco 
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EVEN THE TINIEST COMPONENT Is important. Like capaci- 
tors. If they “sit in” and do exactly the job you've 
visualized for them, your final product performs 
as planned. 


That doesn’t mean—make a major issue of capaci- 
tor purchases! Buy the kind you don’t have to worry 
about ...the kind we make at Cornell-Dubilier. 
They're inconspicuous, because they’re so dependable. 


If you have a special capacitor problem, our 
engineers can turn their thinking to it immedi- 
ately. Consult us. Cor- 
nell-Dubilier Electric 
Corporation, South 
Plainfield .N.J. Other 
plants in New Bedford, 
Providence, Brookline 
and Worcester. 
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Others have tried to build capacitors like C-D’s, 
They can imitate, but not duplicate. Because it’s more 
than the paper and foil we use that makes C-D’s dif- 
ferent. It’s the experience and engineering flexibility 
that comes of having made mote capacitors of more 
different designs than anyone else. When you buy C-D, 
you buy a helpful amount of “freedom from worry”. 


- CORNELL- DUBILIER 


CAPACITORS 
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No other bus conductors offer a combination of 


advantages equal to those of Alcoa Aluminum. 
Able to deliver heavy electrical loads with a 


minimum of loss—Sizes available to handle any 


electrical load—Highly resistant to corrosive 
atmospheres, indoors and out—Light in weight, 
easily formed, are convenient to install. 

Alcoa Aluminum is available in all the shapes 
you'll need for that bus bar installation—flat 
bars, tubes, channels and angles. Fittings also. 


f CENERAL ELECTRIC REVIEW 


Make that installation now with Alcoa Alumi- 


num. No need to wait for hard-to-get materials. 
For prices and engineering data get in touch 
with the nearby Alcoa office. Or write ALUMINUM 
Company OF AmeErRICA, 2113 Gulf Building, 
Pittsburgh 19, Pennsylvania. 


RES. T.M. 
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“Sealdtite’” paper capacitors, solidly molded in a 
cylinder of wax, are truly a masterpiece of modern mass-production. 
Preferred by radio designers everywhere, the superior moisture-resisting 
qualities of “‘Sealdtite’’ capacitors have made them a ‘“‘must” for modern 
receivers and electronic equipment. When “‘Sealdtite” capacitors are speci- 
fied, there is no compromise between quality and manufacturing 


economics as.there is in ordinary cardboard tubulars. 
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THE COVER 


An arc that is immediately limited in intensity 
and that will be extinguished an instant later by 
the action of a transmission-line ground-fault 
neutralizer. This photograph was taken during a 
field-staged test in which a transient ground fault 
on the line was caused by short circuiting an 
insulator string with a fuse. (See article on p. 14.) 
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Helpful Reference Data 
for Use of ‘PACKAGED ENERGY”? 


Of special interest to engineers and product designers—here are two 
helpful reference charts, shown in reduced size above, on the energy product 
and physical characteristics of permanent magnets featured in the latest 
“Permanent Magnet Manual”, prepared by Indiana Steel Products Company. 

This manual contains valuable technical data on uses and applications 
of permanent magnets; modern materials and methods of fabrication— 
including complete information on the facilities of the Indiana Steel Prod- 
ucts Co., the world’s largest producer of “Packaged Energy”. Ready for 
prompt mailing to any firm or individual considering commercial magnet 
application, this manual is availabie without cost. 

More than 24,000 applications of “Packaged Energy” have been 
developed by our engineers. They are intimately acquainted with all 
grades of permanent magnet materials and problems of design and appli- 
cation. You are invited to consult with them without obligation. 


Write for your free copy of 
“Permanent Magnet Manual No. 3“ today! 


Producers of Packaged Energy 


«s+ THE INDIANA STEEL PRODUCTS COMPANY « « « 


tr) Copr. 1946, The Indiana Steel Products Co. 


6 NORTH MICHIGAN AVENUE, CHICAGO, 2 ILLINOIS SPECIALISTS IN PERMANENT MAGNETS SINCE 1910 
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For a complete description 
of Frahm Tachometers 
with list of types and 
ranges commonly supplied 
write for a copy of new 
Bulletin 1810-G. 
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ERE are two types of Frahm Tachom- 
eters—one permanently mounted, one 


_ portable—measuring the speed of a 60,000 


kva turbo-generator. Although neither has 
any connection with the rotating element 
they are accurately indicating its speed— 
1800 rpm. How do they do it? 

Resonance ts the reason—the operating 


principle. Mere placement of the tachometer 


case in contact with almost any external part 
of the machine will cause the tuned reeds 
to pick up the minute vibratory impulses. 
The reed that is in tune with the machine’s 


Luisies 


ELECTRICAL 


rotative speed will respond, the scale show- 
ing the speed in rpm. This principle and 
the method of indication are unique among 
speed-measuring instruments. 

The simplicity of operation of the Frahm 
Resonant-Reed Tachometer is matched by 
its ease of installation and freedom from 
maintenance. There are no parts to wear, 
adjust, lubricate or renew. The instrument 
can be used in any position and gives years 
of trouble-free service. Various types (for 
rigid mounting or hand use) are available, 
in ranges from 900 to 100,000 rpm. 


1316 ARCH STREET © PHILADELPHIA 7, PENNA. 
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WILL INDUSTRIAL 


ELECTRONIC CONTROL 
USE MICROWAVES? 


By W. C. WHITE 


Research Laboratory 
General Electric Company 


OR many years, radio engineers have been active 

in developing electronic tubes, circuits, devices, 

and applications for ever-higher frequencies. 
During the war, this trend was greatly accelerated, and 
applications in the so-called microwave region were 
highly developed. This was particularly true of fre- 
quencies between 2000 and 30,000 megacycles. (This 
range corresponds to wavelengths between about 6 
in. and % in.). 

Because of secrecy requirements, the details of some 
wartime microwave developments are not as yet 
generally known to electrical engineers outside the 
radio field. Of chief interest to the engineer interested 
in industrial electronics is the fact that very simple 
tubes and components are now available for producing, 
and responding to, frequencies between 2500 and 3500 
megacycles (approximately 5 in. to 31%4in. wavelengths). 
In the spectrum of electromagnetic radiation, these fre- 
quencies are roughly midway between visible light and 
the longer radio waves used in broadcasting. Thus micro- 
waves in this region may be expected to have some of 
the properties commonly associated with light and 
some possessed by radio waves. 

The most obvious industrial-control applications for 
these frequencies will utilize the interception or reflec- 


This article is so paged that, without mutilating other articles, it can be 
conveniently removed for separate filing by tearing out pages 8 to 11.—-Ep. 
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tion of beams of these radiations for the purpose of 
counting, sorting, or inspection. In such applications, 
microwaves can do a number of things that are not 
possible with photoelectric relays. 

The history of electronics in industry indicates that 
a number of years has usually elapsed before some new 
device or application progresses from the demonstration 
stage to active commercial use. Therefore, it seems 
desirable to shorten this interval for microwaves by 
demonstrating with simple equipment some of their 
novel and probably useful properties. A familiarity 
with microwave characteristics, thus gained, should 
inspire engineers’ imaginations to develop useful 
applications in the near future. With this objective, 
some simple, relatively inexpensive units have been 
designed and built for demonstration purposes. These 
are operated at about 2400 megacycles. 


Description of Units 
The Oscillator } 

The simplicity of the oscillator results from the avail- 
ability of the disk-seal type of triode tube (Fig. 1), 
commonly known as the lighthouse tube.“ With this 
tube (Type 2C43), outputs up to about one watt can 
be obtained at plate voltages not exceeding 250 and at 


frequencies up to about 3000 megacycles. The tube is > 


(1) ‘The eisnthouse Tube; A Pioneer Ultra-High-Frequency Development’’ 
by E. D. McArthur and E. F. Peterson, Proceedings of: the National Elec- 
tronics Conference, October, 1944, vol. 1, p. 38. 

igs On Seal Tubes’”’ by DIY McArthur, Electronics, February, 1945; vol. 
18, p 
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Fig. 1. Disk- seal type of triode tube, com- yy, 

monly known as the lighthouse tube, which is | 

used in the oscillator of the micrédwave unit Fig. 2. Schematic diagram of the microwave oscillator 
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Complete oscillator, including transformer which is contained in 
the rectangular box 


Fig. 3. 
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QUARTER WAVE STUB MIGROAMMETER 


Fig. 4. Schematic diagram of the microwave intensity meter 


operated in a simple fixed-frequency reentrant grid- 
separation form of oscillating cavity.@ This is shown 
schematically in Fig. 2. Feedback between plate and 
filament circuits is provided by a machine screw extend- 
ing into both cavities. Fig. 2 also shows the dipole 
antenna and the little loop at its end which extends 
inside the cavity and couples the antenna to the oscil- 
lator. This cavity, plus the tube, forms a cylinder about 
6 in. long and 144 in. in diameter. 

The rectangular box beneath the oscillating cavity 
shown in the picture of the complete unit. (Fig. 3) 
contains a small transformer to provide filament 
excitation and about a dou- _ 
bling of the line voltage for 
use on the plate. This use 
of a-c plate voltage greatly 
simplifies the unit, but does 
mean that the output is 
in the form of 60-cycle half- 
Wave pulses and has only 
about one-third the power 
output that would be ob- 
tained from direct current. 

To focus the microwave 
beam, a parabolic type of 
reflector is employed. The 


September, 1946 


Fig. 5. Microwave intensity meter and its “<_< 
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larger the diameter of the reflector, the narrower the 
beam and the greater its intensity. A fraction of a 
watt average output is sufficient to operate a small 
instrument or reliable type of sensitive relay over dis- 
tances of a few feet. 

The weight and size of this source of microwave 
radiation are not greatly in excess of a light source with 
an auto-headlamp bulb, reflector, and step-down 
transformer. 


The Intensity Meter 

The other basic demonstration unit is a simple device 
to detect and indicate the relative intensity of the 
radiation from the oscillator. It utilizes a dipole re- 


ceiving antenna similar to the one on the oscillator. 


The received microwave oo ey is fed to a crystal 
detector. | 

Prior to the war, crystals were thought of as obsolete 
radio detectors, unstable, unreliable, and easily put out 
of adjustment by electrical or mechanical shock. As a 
result, however, of an urgent need for a radar detector, 
and following an intensive research and development 
program, the silicon crystal emerged from the war®) 
as a sensitive, reliable detector with marked ability to 
withstand electrical overloads and mechanical shock. 
In commercial form, it is not as large as the eraser 
ferrule on a pencil. 

The function of the crystal is to act as a rectifier of 
the received: microwave power. The resultant d-c 
pulses at 60-cycle frequency are supplied to a small 
d-c 50-microampere panel-type indicating instrument. 
A layer of scotch tape between two cylindrical parts 
provides a blocking capacitor so that the microwave 
currents are shunted from the instrument. 

The schematic arrangement of the unit is shown in 
Fig. 4 and the over-all appearance in Fig. 5. The 
sensitivity of this unit could be increased by adding a 
parabolic reflector, but this would make it directional 
and would introduce other limitations in certain 
demonstrations. | 

When making preliminary tests of certain suggested 
applications in the field of industrial-control electronics, 
it is sometimes desirable to have an audio response or 


()‘Cavity Oscillator Circuits’’ by A. M. Gurewitsch, Electronics, February, 


1946; vol. 19, p. 135. : 
(8) “Silicon Crystals for UHF Detection Circuits’ by E. C. Cornelius, 
Electronic Industries, November, 1945; vol. 4, p. 74. 
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Fig. 6. Microwave unit equipped for audio response and arranged for demon- 
strating the phenomenon of radio fading 


definite off-on relay action. This is easily accomplished 
by substituting an amplifier and loudspeaker, or a 
sensitive d-c relay of a few hundred ohms resistance, 
for the microammeter. It is also desirable in this case 
to add a 6- to 12-in. parabolic reflector to give direc- 
tivity and increase the received energy. A unit built for 
audio repsonse is shown in Fig. 6. 

- Owing largely to the broadband effect of the receiving 
dipole and the loading from the crystal, the transmitter 
and receiver will not get out of tune, once they have 
been adjusted. 3 


Demonstration of Some Microwave Characteristics 


_ Transmission 

The oscillator should be set up on a tripod or at a 
table edge with as much space in front as possible so as 
to minimize the effect of reflections from the floor or 
side walls. 

By moving the intensity meter around a few yards in 
front of the oscillator, it is simple to locate the limits of 
the beam. Turning the intensity meter around on its 
axis will demonstrate the polarization of the radiation 
from the transmitter. When the two dipoles are at right 
angles, there is little or no response. 

A number of interesting experiments may be per- 
formed with the intensity meter set up a few feet in 


Fig. 7. Demonstration of reflection characteristics of microwave radiations 
using microwave unit and polarizing screen 


front of the transmitter. This is a convenient way to 
show the relative transparency of wood, brick, paper, 
and plastics for radiations of this wavelength. A 
fine-mesh wire screen, such as a fly screen, is opaque 
whereas an open chicken-wire screen is relatively 
transparent. fe 3 / 

A very simple polarizing screen consists of parallel 
brass rods, each about 1% in. in diameter, 11 in. long, 
and spaced about 4% in. apart by strips of wood or 
other insulation. Such a screen is shown in Fig. 7. With 
the rods parallel to the dipoles, it is opaque, but when 
turned at right angles it 1s transparent. 


Reflection 
By placing the two units as shown in Fig. Taiteas 


“ possible to demonstrate some of the reflection charac- 


teristics of these radiations. It can be shown that a 
conductor like the human body will reflect as well as 
absorb, and a high-dielectric material that is trans- 
parent will also show surface reflection. The latter is 
analogous to the reflection of light from the surface of 
transparent glass. The polarizing screen will reflect 
well when its rods are vertical but relatively little when 
they are horizontal. The practicability of radar demon- 
strates that microwaves reflect fairly well from most. 
materials. : 


Standing Waves 

The phenomenon of standing waves is much more 
conveniently shown with these 5-in. wavelengths than 
with either light or longer radio wave. As a matter of 
fact, standing waves will probably be somewhat of a 
problem in some possible applications. On the other 
hand, they present some interesting possibilities. 


The simplest demonstration of standing waves is 
shown in Fig. 8. The piece of sheet metal should be 
stationary and the intensity meter held next to the 
sheet metal and then moved very slowly away as the 
points of minimum intensity are sharply defined in 
distance between oscillator and reflecting surface. 


Radio fading, another standing-wave phenomenon, 
usually involves distances measured in miles in its 
factors of wavelength, distance between stations, and 
height of the wave reflecting ionosphere. With these 
demonstration microwave units, radio fading can be 
shown with dimensions in inches. In the arrangement 
illustrated in Fig. 6, the intensity meter indicates 
marked changes as the metal screen is moved slowly 
up and down a few inches. 


Refraction and diffraction also produce standing- 
wave effects. The field pattern differences directly 
behind vertical metal strips or rods in comparison with 
larger ones of insulating material offer an interesting 
study. The same is true of the field intensity through 
two nearby openings in a metal sheet. 


Waveguides 
Power at these frequencies can be transmitted over 
a coaxial cable but a more interesting conductor is a 
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simple hollow metallic pipe called a waveguide. This 
may be either circular or rectangular in cross-section. 
If circular, its diameter should be at least 34% in. 
Special rigid or flexible waveguides with fittings for 
turns, joints, and branches are available. However, 
ordinary 4-in.-diameter stove pipe, including elbows, 
can be used for demonstration and experiments. 


intensity meter but a joint is opened up to create a 


in the gap will show effects similar to those that are 


between the two units. 


“not easily demonstrated with either light or longer 


If a length of waveguide connects the oscillator and 
gap a few inches in length, materials or screens placed 


displayed when the transmission is direct through space 


Fig. 8. Standing wave demonstration with microwave unit 
and metal sheet 


Conclusion 

A set of microwave units offers an opportunity to 
make many interesting experiments on.the properties 
of microwaves, as well as the demonstration of 
certain fundamentals of electromagnetic radiation, 


radio waves. 

Of equal importance is the use of units of this sort 
to demonstrate microwaves to electrical engineers in 
an interesting way and thus inspire thought on micro- 
wave properties and possible applications. Resulting 
ideas may in the near future form the basis for a 
valuable new tool for industrial-control devices. The 
initial application of these ideas will probably be along 
the same general lines as present photoelectric relay 
devices, but for uses where, for some reason, micro- 
waves have properties not possessed by light. Examples 
of these properties are ability to pass through card- 
board, wood, or brick and to be reflected from rough 
and dark surfaces. | : 

For a proposed new industrial application of elec- 
tronics, some one initial successful application is the 
thing that starts general use. It will be interesting to 
see what this will be for microwave beams. 

To Dr. C. L. Andrews of the General Electric Re- 
search Laboratory goes much of the credit for the actual 
development and design of these microwave units. 
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36000 SERIES 
Ceramic Plate or Grid Caps 


A new addition to this series of exclusive 
Millen "Designed for Application” products 
is the 36004 for use on tubes with 4" di- 
ameter contacts. Efficient, compact, easy to 
use and neat appearing. Soldering lug and 
contact one-piece. Lug ears annealed and 
solder dipped to facilitate easy combination 
“mechanical plus soldered” connection of 
cable. No. 36001 for 9/16” tube terminals. 
No. 36002 for 349”. Ne. 36004 for 4”. 


DOUBLE-BRUSH 


ADVANTAGES 


U. S. PAT. 2,181,076 


=> Speer Multiflex Brushes give motors and generators the commutating advan- 
tages of double brushes with single-brush simplicity...and at low cost, tool 

Their superior performance can be had on practically any type of commutating ma- 

chine .. . without special adapters or changes in the equipment. Multiflex Brushes | 7 

slide right into conventional single-brush holders! For the Multiflex design is essen- | M : C A C A ie A C : T O Re & 

tially a single brush split in half. A simple hammer plate attached to one section and | © .° © 


overlapping the other, assures equalized spring pressure. | | | ; : : 
The operating and maintenance advantages of Multiflex Brushes listed below | tandard and Special Types to Meet Practically Any Requirement 


have been demonstrated over many years | 


| wherever commuter equipment iS used ee | ) . HE full advantages of up-to-the-minute engineering are 

Get these Commutating ad-. power stations, many kinds of industrial plants, 
vantages with and on eleenic tailways #. incorporated in the war proven line of Sprague Mica 
Let Speer help you match Multiflex Brushes to Capacitors covering molded, molded-case potted and ceramic- 
are your machines—write for complete information. o- case potted types for almost any need. If one of the many 
Improvea Contac of ; : eS : 
aa : e : : standard types does not meet your requirements Sprague engi- 


More Uniform Wear 

Longer Brush Life 
Less Brush and Commutator 
‘Maintenance : 

Minimum Vibration 
Increased Efficiency 

Less sparking and burning 
and similar difficulties 


neers will welcome the opportunity to cooperate in the 
design of special types for out-of-the-ordinary uses. 
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100-KV AND 13-KV 


GROUND-FAULT NEUTRALIZERS 


Performance on the system of the Public Service 
Company of Colorado in reduction of outages 
due to transient transmission line-to-ground faults 


By L. M. ROBERTSON 


Transmission and Station Engineer 
Public Service Company of Colorado 


Denver, Colorado 


GROUND-FAULT neutralizer, or Petersen 

Coil*, was installed on the Shoshone-Denver 

100-kv line in 1937, and a grounding bank and 
neutralizer were installed on the 13.8-kv system in 
Denver in 1944. These two equipments were of a 
pioneering character; one was the second such high- 
voltage installation in the United States, and the other 
the first application in this country on a system having 
a voltage as low as 13.8 kv. In both cases the systems 
were delta connected. 7 


Prior to the installation of these neutralizers difficul- 
ties had been experienced because of one-phase-to- 
ground faults, and also because arcing ground faults 
caused overvoltages to appear on the unfaulted phases. 
It was found that these disturbances were not self- 
clearing, particularly in the 100-kv system, and re- 
quired some method of extinguishing the arcs, to elimi- 
nate serious interferences with communication systems, 
and to limit the rise in voltage to ground of the un- 
faulted phases. On the low-voltage system a fault was 
frequently difficult to locate, and in some cases caused 


an unfaulted phase to flash over by reason of harmonic © 


overvoltages, thus resulting in a phase-to-phase short 
circuit, with accompanying damage. 

The installation of ground-fault neutralizers repre- 
sented a cost of about ten per cent of any other scheme 
which might be adopted, such as the installation of 
neutral-grounding transformers, ground relays, or other 
equipment. The transmission lines could have been 
equipped with overhead ground wires or expulsion 
tubes, but at a very considerable cost. 


100-kv Application 
The towers on the Shoshone-Denver line would not 
mechanically support overhead ground wires, and the 


Epitor’s NOvtTEs: 


Because unusual interest is associated with such performance as that 
outlined in this article that originally appeared in The Colorado Engineer, the 
information is presented here with the permission of that publication and the 
author. 

* The name ‘‘Petersen Coil,’’ by which this type of equipment has long been 
known, has in recent years been officially superseded by the more descriptive 
designation ‘‘Ground-fault neutralizer.’’ 

The following references contain associated literature concerning the 
principle and theory of application of the ground-fault neutralizer: 


“The Application of the Petersen Coil,’’ by E. M. Hunter, GENERAL, 


ELectric Review, Dec., 1936, p. 588. 
“The Petersen Coil,’ by W. W. Lewis, GENERAL ELEcTRIC REVIEW, Apr., 
1935, p; 197. 


This article’is so paged that, hout.mutilating other articles, it can be 
conveniently removed for separaté aM sesng out pages 14 to 16.—Ep. 
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close tower clearances made the successful application 
of expulsion tubes impractical. A neutral to which con- 
nections could be made was available at the Shoshone 
plant and this was chosen as the location of a ground- 
fault neutralizer having taps from 855 ohms to 285 ohms 
reactance to tune with the line-to-ground capacitance 
of line lengths of 100 to 300 miles. The remainder of 
the substations were provided with delta-connected 
transformers, except in the one instance of a wye-con- 
nected transformer with an isolated neutral. A view of 
the neutralizer installed at Shoshone is shown in Fig. 1. 


A difficulty which was expected in the use of the 
ground-fault neutralizer and which appeared to be 
rather great, stemmed from the fact that the line 
normally operates with considerable corona loss; the 
conductors are rather small and the altitude of the 
line is about 10,000 ft, with a maximum of 13,500 ft. 


Fig. 1. Ground-fault-neutralizer installed on the neutral of the 100-kv trans- 
former bank at the Shoshone plant of the Public Service Company of Colorado 


~ 
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Actual tests and experience have shown, however, 
that no trouble in extinguishing arcs has developed from 
these conditions, although the minimum neutralizer- 
current when the equipment is in tune with the line-to- 
eround capacitance is 22 amp, representing about 2000 
or 3000 kw of corona loss on the 225-mile line. 


A test made on the system with the neutral isolated 
and one conductor grounded resulted in a current flow 
of 123 amp at 95 kv. Tests were made to tune the 
neutralizer without a line fault (series resonance be- 
tween capacitance to ground and inductance of the 
neutralizer) by selecting a tap which gave maximum 
current through the neutralizer. This was done by 
changing the taps and reading the current produced by 
the residual voltage. The neutralizer was also tuned 
with one conductor grounded (parallel resonance). In 
this case the taps were changed until minimum current 
in the fault was obtained. A fault was also produced by 
a fuse across an insulator string from conductor to 
ground to determine whether the resulting arc would 
be extinguished. These tests were made at one end of 
the line and also in the central portion of the circuit. 


Service 


The coil was placed in service on May 1, 1937, and 


the following is a summary of the operations to January 


1, 1946. There have been 484 faults, of which 72 per 
cent were caused by lightning, 13 per cent by unknown 
causes, and the remainder were due to wet snow, birds, 
wind, and other like effects. Sixty-six per cent of the 
total number of faults were one-phase-to-ground and 97 
per cent of these were cleared without oil circuit breaker 
operation. The remaining 34 per cent, which were 
multi-phase short circuits that the neutralizer is not 
designed to clear, required breaker operation. In cases 
where no breaker operation was required, no system 
disturbance of any sort was detected. 


13-kv Application 

The Denver 13-kv system had earlier experienced a 
number of operating difficulties because one grounded 
phase caused the voltage of the other phases to rise as 
much as three times normal. Such faults can be caused 
by lightning, tree limbs contacting the line, crane and 
derrick booms swinging into the lines, wet or metallic 
kite strings that have been left on the lines and that 
blow into grounded parts of the structures, cats or birds 
shorting one insulator to ground, and fine wire dropped 


over lines by birds. This system had about 604.9 “ 


equivalent overhead miles of line at the time the 
neutralizer was installed. A test made previous to the 


installation of the neutralizer with one conductor 


grounded resulted in a charging current of 53.4 amp 
through the neutralizer. It was therefore decided to 
install a 60-amp neutralizer and grounding transformer 
and later install a second similar equipment. Production 
was held up because of the war and when a test was 
actually made with the neutralizer installed, as shown 
in Fig. 2, it was found that slightly more than 60-amp 
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neutralizer current was required and that the coil could 
not be tuned exactly. However, tests and operating ex- 
perience have demonstrated that the small discrepancy 
is not a critical operating factor in this installation. 

Any other method used, such as solidly grounding the 
neutral, would have involved an expenditure of at least 
eight times that required for this equipment. As far as 
experience in this country is concerned, this is some- 
what of a pioneering installation, but similar equipment 
has been used in Europe at lower than 13.8 kv. 

After the equipment was received and _ installed, 
tuning tests similar to those described for the 100-kv 
coil were made. Also, arcs in air were started by con- 
necting a fuse wire from one conductor to ground. Still 
other tests were performed with the system neutral 
isolated, by attempting to artifically produce an arcing- 
ground fault. This was done by establishing a gap 
across which an arc would strike and then interrupting 
the arc with a jet of air so that the arc would restrike 
and again be interrupted. For this test, surge voltages 
were measured at the Terminal Substation where the 
arcing occurred, and also at Dry Creek Substation and 
at Capitol Hill Substation, which are somewhat remote 
from the Terminal. Measurements were made by means 
of surge-voltage recorders on the open end of 13.8-kv 
feeders. Crest voltages up to 3.12 times normal were 
obtained at Dry Creek and Capitol Hill, but this rise in 
voltage was not noted at the Terminal Substation. It is 
assumed that the voltages obtained at Dry Creek and 
Capitol Hill Substations were as severe as would be 
encountered at any point in the system because of the 
probability of reflections. It was necessary to open an 


Fig. 2. Installation of a 13.8-kv ground-fault-neutralizer and grounding 
transformer at the terminal substation in Denver 


GROUND-FAULT NEUTRALIZERS 


(Continued from preceding page) 


oil circuit breaker to interrupt the fault current in the 
case of these isolated neutral tests. Cathode-ray oscil- 
lograms indicate that the over-voltage of 3.12 times 
normal, was probably the result of a switching surge. 
With the ground-fault neutralizer in service the tests 
showed slightly less over-voltage. 

The length of overhead lines and cable circuits had 
been calculated prior to the tests and from these data 
the probable line charging current during a single 

phase-to-ground fault current was calculated, using 2 
to 1 as the ratio of fault current to normal line charg- 
ing current. However, the tests indicate that 2.58 is the 
actual ratio for this system. 


Service 


The combination grounding transformer and ground- 
fault neutralizer has been in service since May 1, 1944, 
and there have been 1,700 operations to January 1, 
1946, of which 87 per cent required no interruption of 
the feeder. Lightning caused most of the faults, the 
others resulting from equipment trouble, foreign 
objects, and unknown causes. There have been no cases 
where an arcing ground has caused a rise in voltage 
sufficient to result in a phase-to-phase flashover. Such a 
condition occurred several times when the system 
neutral was isolated. | 


Interference with communication circuits during 
time of phase-to-ground fault has been eliminated. 
Surge-voltage recorders at Dry Creek Substation con- 
nected during the summer of 1945 showed that there 
were no serious over-voltages present except in an 
instance when lightning struck the structure im- 
mediately adjacent to the substation. 


Conclusions 

The installation of ground-fault neutralizers on the 
100-kv and 13.8-kv systems of the Public Service Com- 
pany of Colorado has made possible the clearing of 
practically all phase-to-ground faults without inter- 
ruption of service and without system disturbances. 
Harmonic voltages during fault conditions have been 
eliminated, thus reducing interference with communica- 
tion circuits, and overvoltages on unfaulted phases 
which had been causing failures and short circuits in the 
13.8-kv system have also been eliminated. 

The cost of these installations was from one-eighth 
to one-tenth the cost of other remedial measures, such 
as addition of overhead ground wires or expulsion 
tubes on the 100-kv line, or neutral grounding trans- 
formers and ground relaying on the 13.8-kv line. Over- 
voltages during time of phase-to-ground fault have 
been held to normal line-to-line voltage for the un- 
faulted conductors, and to normal phase voltage for 
the neutral. 
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The HYSPLICE is 
quickly indented to 
cables with standard 
Busndy HY- 
PRESSES. 


FOR LOOPS AND TENSION LINES 


The Burndy Hysplice supplies the answer to the problems of loose connections, 
corrosion, and burn-offs, on high tension and overhead lines. 


Available in types for copper and ACSR, the HYSPLICE is readily installed 
with familiar Burndy portable hydraulic HYPRESSES, with suitable dies. The 
Burndy method of crimping provides the following advantages: 

"1. develops the full strength of conductors, where needed. 

2. provides low resistance connections even on oxidized conductors. 

3. rounded surfaces reduce corona discharge. 
Each Burndy HYSPLICE is filled (sealed ready for use) with a special compound 
PENETROX “A” for ACSR—PENETROX “C” for copper, which wipes oxide 
from conductor surfaces during installation, reducing transverse resistance — 
permanently seals against corrosion — and, keys connector to conductor for 
greater mechanical strength! 


Ask your local Burndy representative for details, or write... 


Burndy Engineering Co., Inc., 107M Bruckner Blvd., N. Y. 54, N. Y. 


!n Canada: Canadian Line Materials, Ltd., Toronto 13 
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SIMPLIFIED THYRATRON MOTOR CONTROL 


Direct-current motor operated through rectifier under 
simple grid control. Speed range and torque limit pro- 


vided over wide range. Application and circuit analysis 


By HH. LEIGH 


Control Engineering Division 
General Electric Company 


HE thyratron tube has become a very useful 

control device in industry for rectifying and 

controlling current for various types of equip- 
ment. It provides a convenient means of not only 
rectifying alternating current to direct current, but at 
the same time of controlling the average output of 
direct current or voltage. To accomplish this, it is con- 
nected in various combinations in various rectifier 
circuits with some means of controlling the firing of the 
thyratrons, either at fixed conditions or as an auto- 
matic control in response to some function of the output. 


Thyratron Control for D-c Motors 

Such a thyratron rectifier offers a convenient source 
of direct current where only alternating current is 
available. More important, since the power output of 
the thyratron can be controlled by a low-energy voltage 
applied between the grid and the cathode, the output 
voltage of the thyratron rectifier can be varied readily 


This article is so paged that, without mutilating other articles, it can be 
conveniently removed for separate filing by tearing out pages 18 to 27.—Ep. 


Fig. 1. A view of the thyratron motor control 
panel with the cover removed. This unit includes 
a supply for motor armature voltage and a con- 
stant d-c voltage for the field excitation with as- 
sociated circuits to provide cont motor speed 
over nearly the full armatur range 
¢ ‘ 
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over a wide range, providing a convenient means of 
obtaining the flexibility of a d-c motor drive from an 
a-c power source. To do this, a variable-output-voltage 
thyratron rectifier (to supply the d-c motor armature 
voltage) plus another small rectifier (to supply the field 
voltage) plus the source of grid voltage for the thyra- 
trons and its regulating circuit can be combined in a 
unit such as that shown in Fig. 1 for supplying and 
controlling the power to a d-c motor. 


The grid characteristics and the basic principles and 
practical methods of grid control for thyratrons have 
been presented previously in many texts and periodi- 
cals. The regulating circuits for the control of the 
thyratron excitation to give accurate control of the 
motor performance under various conditions have also 
been quite thoroughly described. It is the purpose of 
this article to describe a specific method of thyratron 
grid control believed to be new and unique. This 
control can be combined with a simple regulating 
circuit to provide a simple means of controlling the 
motor performance in the many applications where the 


Fig. 2. Tachometer testing equipment showing thyratron motor control panel in left end. The 
wide speed range available, coupled with ease of adjustment, have proved the thyratron 


motor control useful on such applications 
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flexibility and the modes of performance which can be 
obtained by these means are desired, but where the 
high accuracy of the more elaborate circuit is not 
required. Control units of this kind have proved useful 
in many applications of low-integral-horsepower- and 
fractional-horsepower motors. In Fig. 1 is shown a 
thyratron motor control panel which includes a 
variable-output-voltage thyratron rectifier, a field 
rectifier and the associated control circuits which pro- 
vide control of the motor speed over nearly the full 
armature range, provide an almost constant current 
limit and hence a torque limit if the motor is over- 
loaded at any speed, and provides the usual thermal 
overload and undervoltage protection. This particular 
panel is provided with plug-in connections shown on 
top of the equipment. A complete installation includes, 
in addition to this panel and the motor, an anode trans- 
former and a control station consisting of the start- 
and-stop button, the small speed-adjusting potenti- 
ometer, and any other control items required. 


Typical Applications 

The wide speed range available and the ease of speed 
adjustment of the thyratron motor control have 
proved useful on such installations as the tachometer 
testing equipment shown in Fig. 2. On this equipment, 
the output speed is varied over its full range by 
simply adjusting the small knob to the right of the 
two push buttons. During the acceleration to a higher 


Fig. 3. Thyratron motor control panel and driving motor installed in the 
Ozalid Printmaster, an automatic positive reproduction machine. Speed 
adjusting mechanism with horizontal scale is shown at about eye level in 
front of the operator 

Courtesy of the Ozalid Diviston of General Aniline Film Corp. 


Fig. 4. This rear view of a fine-wire reeling equipment displays three motor 
controls. Adjustable torque limit on motor provides safety factor for the 
wire in the event of a snag 


speed, the armature current and hence the output 
torque to the rotating system is limited to a preset 
constant value. 

Fig. 3 shows the application of a thyratron con- 
trolled motor drive to an automatic printing machine 
capable of producing, on sensitized materials, a variety 
of positive reproductions of various originals. To obtain 
the maximum versatility of the machine requires an 
easily adjustable and wide-range control of the speed of 
the processing. In this installation, the operator has 
ready control of the speed of the machine by means of 
a horizontal sliding mechanism at about eye level, con- 
venient for frequent adjustment as variations in the 
processing material may require. This application has 
provided increased flexibility and output, ease of oper- 
ation, and reduced maintenance of the speed-changing 
equipment. ; : 

Fig. 4 shows an installation of three thyratron motor 
controls in a’ fine-wire reeling equipment. Here again, 
the easily adjusted wide speed range gives increased 
flexibility and ease of operation. In addition, the 
current-limiting feature of the control gives an adjust- 
able torque limit to the motor, thus limiting the strain 
on the wire during acceleration or if the wire should 
catch. These applications include the speed and torque 
characteristics most commonly required of a drive. 
The addition of other control circuits can give to the 
motor still other characteristics of performance, such 
as constant rate of acceleration. 


' , 19 


It is the purpose of this article to describe this simple 
thyratron fractional-horsepower motor control and to 
explain how it operates, particularly with respect to 
obtaining the most onary desired motor per- 
formance, 


Basic Types of Control 

The several basic methods of grid control which may 
be applied to thyratrons and which have been de- 
scribed by others may be listed as follows: 


(1). Grid control by d-c grid potential 
(2). Grid control by a-c potential. ° 


(a). Variable amplitude, fixed! hese angle. 
(b). Variable phase angle, cénstant amplitude. 
(c). Variable phase angle and amplitude. 


(3). Grid control by a combination of a-c and d-c grid 
potentials. 
(a). Constant d-c with a sinusoidal, peaked, or 
other a-c wave shape or combination of two. 
(b). Variable d-c potential, fixed a-c potential. 


Fig. 5. Elementary diagram for the control circuit of a 
bi-phase rectifier 


Method (3b) is commonly employed; and when used 
with the sinusoidal component of grid voltage lagging 
the anode voltage by 90 degrees, gives smooth control 
over the full 180 degrees of positive anode voltage. The 
method described in this article falls in this general 
classification. Its uniqueness lies in the simple means 
by which the lagging a-c voltage and the variable- 
magnitude and -polarity d-c voltage are obtained. For 
simplicity, this description is limited to the control of 
the two-tube half-wave (or single way) bi-phase rectifier, 
as used in the simple thyratron motor control circuit. 

Such a control is shown in elementary form in Fig. 5. 
The secondary winding of transformer T2 applies a low 
alternating voltage across each capacitor, which is 
lagging the anode voltages of the thyratrons by nearly 
90 degrees. The effect of the diode, Tube B, passing 
current is to put a positive charge on the two ends of 
the capacitors which are connected to the grids of the 
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Fig. 6. A breakdown of Fig. 5 into simpler elements. Illustrated in (A) is 
asimple capacitor charging circuit. The equivalent capacitor charging cir- 
cuit, with the triode tube replaced by anequivalent circuit, is shown in (B) 


two thyratrons, while the conduction of current through 
the triode, Tube A, tends to put a negative charge on 
both capacitors. The net charge, of course, depends 
upon the relative conductance of the two tube circuits 
which can readily be varied by varying the grid-to- 
cathode voltage of Tube A. As this d-c component of 
voltage across the capacitors is varied from a negative 
value equal to the peak of the alternating component 
to a positive value equal to the alternating peak by 
making the grid of Tube A more negative, the thyra- 
trons are turned from full off to full on. Later it will be 
shown just how this control is used in practice. 

A breakdown of this circuit into simpler elements will 
help to explain how the direct voltage, in addition to the 
alternating voltage, is developed across the capacitors. 
Consider the circuit shown in Fig. 6(A). The vacuum 
triode, Tube A, is in a circuit where the only applied 
voltage is the alternating voltage from the trans- 
former secondary T2S. The plate characteristic curves 
(Fig. 7) for a sharp cut-off triode such as the Type 
6SL7, indicate that if a sinusoidally varying voltage is 
applied to the plate of such a triode with the grid 
voltage held constant at some negative value, there will 
be practically no plate current flow until the supply 
voltage rises to some value which is determined by 
the grid voltage. As the voltage rises above that value, 
the plate current increases approximately proportion- 
ally to the rise above that value. This triode might be 


PLATE MILLIAMPS 


PLATE VOLTS 
Fig. 7. Plate characteristic curves for a sharp-cut-off triode, such 
as the Type 6SL7 
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replaced then with a perfect diode to get unidirectional 
current flow from the alternating plate voltage, a gen- 
erated voltage EL = —f(e,) to oppose current flow until 
the plate voltage reaches an equal value, and a resistance 
rp, aS in the equivalent circuit Fig. 6(B). This is not a 
strict equivalent since the plate characteristic curves 
are not straight lines, particularly near cut-off; but 
is reasonably close for a sharp-cut-off triode. The 
generated voltage would be approximately E = — meg. 


Fig. 8 shows graphically the various voltages existing, 
in the circuit shown in Fig. 6(B), when —e, is made low 
so that E=— ye, is near zero. The voltages are all 
considered with respect to Point 7 in Fig. 6(B). The 
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resistor 7; in series with Tube B is made greater than 
the plate resistance rp of Tube A. The 60-cycle react- 
ance of capacitor C is low compared to the resistance R. 
Hence the voltage across C changes only very slightly 
in the steady-state condition. 


In the circuit shown in Fig. 6(B), no average con- 
tinuous current can flow through the capacitor and 
resistor between Points / and 4. Therefore, the average 
current through rp and rz must be equal. This means 
that since rp is less than 7,;, the excess current flowing 
through ry and Tube A charges the capacitor to such a 
polarity and magnitude that it adds to one half of the 
transformer voltage and subtracts from the other to 
make the average currents through 7» and rz equal. 
Then, as shown in Fig. 8, the voltage Em sin wt—Vc 


during the conduction period A to F must give the 


same average current through rz, as the voltage 
Em sin wt —(E—V,) during the conduction period 6 to 
E gives through rz, for capacitor C will charge up to 
such a voltage V. that the areas X and Y have the same 
ratio as the two resistances rp and rz. During the 
portion of the cycle from time F to time A there is no 
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Fig. 8. A graphic illustration 
of the voltages existing in the 
circuit in Fig. 6 (B) when —eg 
is made so low that E = —f( eg) 
is near zero. All voltages are 
considered with respect to 
Point 1 in Fig. 6(B). 


Fig. 9. A graphic presenta- 

tion of the voltages in the cir- 

cuit shown in Fig. 6(B) when 
—é, is large. 


current flow anywhere in the circuit, so the capacitor 
holds its charge during this time. If the capacitor C is 
chosen such that its 60-cycle reactance is low com- 
pared with the resistance R in combination with rp 
and r,, the variation of the voltage V. across it during 
the conducting portion of the cycle will be very small. 


If the voltage E = —f(ez) is increased, as in Fig. 9, 
the capacitor is charged to a voltage V. such that the 
average current through rz is decreased to the same 
value as the average current through r»,. Again the 
ratio of areas X and Y must be the same as the ratio of 
rp and rz. The charge on the capacitor depends upon 
two factors, assuming the transformer voltage to be 


> 


constant: (1) the ratio of the resistance rp to rz; and 
(2) the value of E= —f(e,). The ratio of the two resist- 
ances is fixed in the choice of Tube A and the resistor 
rz. The voltage across C then is varied by varying the 
grid voltage of Tube A. With r, greater than ry, the 
capacitor voltage V; is negative for small values of & 
(eg near zero), and goes through*zero to positive as & 
is increased (eg made more negative). Fig. 10 shows the 
variation of the capacitor voltage with the grid voltage 
ég, using a Type 6SL7 tube as Tube A and 100,000 ohms 
as ry7. ; 

The resistance R and capacitance C of the charging 
circuits (Fig. 6) can be replaced by a series resistance 
R, and capacitance C; in parallel with a like resistance 
R, and capacitance C2 where R; = R,=2R and ()=C,= 
14 C. If another transformer secondary center-tapped 
winding 72'S is connected in series with R,, C1, Cs, and 
Ro, as in Fig. 11(A), an alternating voltage is applied 
across the capacitors. The line-frequency reactance of 
the capacitors 1s low compared with the resistance of 
the resistors, say about one fifth. Hence the alternating 
voltage across the capacitors will be low compared with 
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the applied voltage, and lagging it by nearly 90 degrees, 
as shown in the vector diagram Fig. 11(B). Since the 
resistances RK, and R, are equal and the capacitors C; 
and C, are equal, Point 1 will be at mid-alternating 
voltage and there will be no alternating voltage between 
Points 1 and the midtap of the transformer winding, 
Point 4. Therefore, the circuit shown in Fig. 11(A) 
can be connected in place of K and C in Fig. 6, as in 
Fig. 11(C), without adding to or altering the voltages or 
resistances which develop the d-c charge on the capaci- 
tors. Now the capacitors will receive the same d-c 
charge as in Figs. 6, 8, and 9; but in addition there 
will be an alternating voltage, equal across the two 
capacitors, but with the two ends 180 degrees out of 
phase with respect to the common junction, and lagging 
the applied voltage by nearly 90 degrees. 

If the secondary voltage of transformer T2’S is 
made exactly equal to the voltage of 72S, the two 
windings can be made a common winding, as in 
Fig. 12(A). 

The alternating voltages on the two capacitors will 
be constant in magnitude and phase angle but can be 
displaced positive or negative as a function of H= 
—f(eg) as in Figs. 12(B) and 12(C). 


- Regulation of Firing Time 

This combined alternating voltage and variable 
direct voltage across the two capacitors can be used to 
control the firing of a pair of thyratrons in a half-wave 
bi-phase rectifier circuit, as in Fig. 13: The voltage of 
the transformer secondary 72S is in phase with the 
anode transformer voltage, making the voltage across 
the capacitors Cy, and C, lagging nearly 90 degrees the 
anode voltage of the thyratrons to which they are 
connected. By varying eg of Tube A, thus varying 
E=-—f(ez), the alternating voltage can be displaced 
positive or negative to control the firing of the thyra- 
trons over nearly the full positive half cycle, as shown 
graphically in Figs. 13(B) and 13(C). - 

The grid resistors R; and R, in the circuit shown in 
Fig. 13 are quite necessary to limit the grid current 
during the period when the grid voltage is positive. If 
the grid current becomes very high, it leaks off the 
positive charge and decreases the positive voltage that 
can be obtained for a given value of E = —f(e,). How- 
ever, if sufficient grid resistance is used, this leakage is 
practically negligible until the voltage wave becomes 
completely positive. The capacitors C3 and Cy in Fig. 13 
are the conventional grid capacitors to by-pass any 
very-steep-wavefront transient voltage introduced 
through the inter-electrode capacity of the thyratrons. 
Their capacitance is very small so that with the grid 
resistors they introduce only slightly more lag to the 
alternating component of the grid voltage. 

Tt will be observed that, in this circuit, a change of 
the charge on the capacitors or the direct component of 
the thyratron grid voltage can occur only during one 
half of every cycle of the line voltage. The conditions 
during the second half of the cycle remain the same 
as at the end of the first half of the cycle. In other 
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words, a correction of the firing point of the thyratrons 
can be made only during one half of every cycle. Further 
study of Fig. 6(B) will show that if FE is made higher 
than the peak of the alternating voltage wave 2Em (eg 
made highly negative) Tube A is biased off completely 
and the capacitor is charged positive through Tube B 
at a rate determined by the resistance R+r,; and the 
capacitance. The capacitor may then take several 
cycles to reach the desired charge or ‘“‘turn-on’’ voltage, 
even with all the forcing that can be applied. On the 


other hand, if FE is made zero the resistance in the - 
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Fig. 10. Capacitor charge Vc vs Tube A grid voltage in capac- 
itor charging circuit of Fig. 6(B) using Type 6SL7 tube. 
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Fig. 11. In (A) the resistance R and capacitance C of the charging cir- 

cuits of Fig. 6 have been replaced by Ri, Ci, Re, and Co. The voltage 

relationships are indicated by the vectors in (B). The circuit (A) is placed 
into the circuit of Fig. 6 as shown in (C). 


capacitor-charging circuit is appreciably lower (rp is 
less than r;) so the negative charge on the capacitors 
or the ‘‘turn-off’”’ voltage of the thyratrons is built up 
faster than the ‘‘turn-on”’ voltage. 

Furthermore, if & is made in effect negative (eg made 
slightly positive) it adds to the charging voltage and 
so forces the build-up of the negative charge or ‘‘turn- 
off’’ voltage on the capacitors. Since the direct voltage 
component on the capacitors required (equal to the 
peak of the alternating component) is considerably less 
than the maximum which can be obtained, this forcing 
can build up the required negative charge or ‘‘turn-off”’ 
voltage very quickly. By making the triode grid slightly 
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Fig. 12. For the complete circuit A) are given capacitor voltages when E = —f(e,) is low (eg near zero) in (B). Capacitor voltages when E = —f(eg) 
is high (eg more negative) are given in (C). 


positive, the required negative charge or ‘‘turn-off’’ 
voltage can be forced to build up to turn the thyratrons 
completely off in one cycle while it takes several cycles 
for the positive charge or the ‘‘turn-on”’ voltage to 
build up sufficiently to turn the thyratrons on com- 
pletely. 

For an applied alternating voltage Em sin wt of about 
150 volts rms, the values of Ri, Re, Cy, and Cs can be 
made such that the alternating voltage across C; and C2 
will be about 25 volts rms, or about 35 volts peak. 
With this alternating voltage, the maximum direct 


voltage required will be about +35 volts to —35 


volts. From the curve in Fig. 10, this would require a 
swing of —.8 to —2.4 grid volts on a Type 6SL7 tube 
in the A position in Fig. 6. This is sufficient alternating 
voltage to give good control of the thyratrons; yet, 
because of the amplification of Tube A, only a low 
direct voltage signal is required to give full control of 
the thyratrons from full on to full off. 


Thyratron Rectifier Regulation 

This means of thyratron grid control can be utilized 
to regulate the output voltage and current of the 
thyratron rectifier. In Fig. 13(A) the average output 
voltage of the rectifier is varied as a function of the grid 
to cathode voltage of the vacuum triode, Tube A. To 
hold the rectifier output voltage constant, Tube A 


can be connected so as to compare the output voltage 
or a portion of the output voltage to a fixed or reference 
voltage as in the solid portion of the circuit in Fig. 14. 
To obtain the right sense of the signal voltage, or the 
voltage difference between the output and the reference 
voltage, the cathode of the triode is connected to an 
adjustable reference voltage and the grid is connected 
to a fixed portion of the output voltage. If the fixed 
portion of the output voltage becomes greater than the 
preset reference voltage, the grid voltage of the triode 
becomes less negative or positive with respect to the 
cathode, retarding the firing point of the thyratrons 
and reducing the output voltage. Conversely, if the 
fixed portion of the output voltage becomes less than 
the preset reference voltage, the grid of the vacuum 
triode becomes more negative, advancing the firing of 
the thyratrons and raising the average output voltage 
until the difference voltage to the grid of the triode is 
just sufficient to give that output voltage. 

It should be noted that here the cathode of the 
vacuum triode has been displaced from the cathode of 
the thyratrons to which the common point of the two 


capacitors is connected, by a direct voltage which is the 


difference between the output voltage and the reference 
voltage. Since this additional voltage introduced in the 
vacuum-tube circuit has the polarity opposite to that of 
the generated voltage of the triode, it can be cancelled 
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Fig. 13. The combined alternating and variable direct voltage shown in Fig. 12(B) and 12(C) can be used to control the firing of a pair of thyratrons 
in the bi-phase circuit of (A). The waveforms (B) and (C) show the thyratron conduction periods in relation to the voltages across C; and C2 (A). 
and the triode grid voltage eg. piesa aa 
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Fig. 14. A basic armature voltage regulating circuit, with an additional circuit to give IR 
compensation and armature current limit. 
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Fig. 15. A complete circuit of a simple motor control including IR compensation and 
current-limit features. 
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in effect by increasing the generated volt- 
age indicated in Fig. 6(B) an equivalent 
amount by making the grid more nega- 
tive. This means that as the output voltage 
is increased by increasing the reference 
voltage, the grid of Tube A will drop more 
negative with respect to the cathode to 
cancel out the effect of the increased dif- 


_ ference between the output voltage and the 


reference voltage. However, at any given 
level of output voltage, the change in the 
grid voltage of Tube A required to make 
a given change in the firing of the thyra- 
trons will be very nearly the same as at 
any other level. : 


Thyratron Motor Control : 

The circuit shown in Fig. 141s a simple 
form of thyratron motor control. The volt- 
age across the d-c motor armature and the 
speed of the motor can be readily changed 
by simply changing the reference voltage. 
At any set reference voltage, the voltage 
across the motor will be held very nearly 
constant as the motor is loaded, changing 
only by the amount required to give suffi- 
cient change at the grid of Tube A to 
advance the firing of the thyratrons the 
required amount. This slight droop in the 
output voltage with load increase is the 
regulation of the control circuit. As the 
motor is loaded, the armature current must 
increase to provide the load torque. This 
increases the JR drop in the armature. If 
the terminal voltage of the armature cir- 
cuit is held constant by the control, the 
motor speed will drop in proportion to the 
armature JR drop. 


Speed Control 

The speed droop of the motor with load 
is generally undesirable, particularly when 
operating at low speeds. If a compensating 
signal is inserted in the control circuit 
which will cause the terminal voltage to 
rise by the amount of the [K drop of the 
armature, then the generated voltage of 
the armature and hence the speed will 
remain nearly constant. 

This IR-drop-compensating signal is 
obtained from the armature current as in 
the dotted portion of the circuit shown in 
Fig. 14. The two primary windings of a 
current transformer are connected in the 
two anode circuits of the thyratrons in 
such a direction that the two unidirec- 
tional pulses of current in the two primaries 
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induce an alternating current in the secondary. This 
secondary circuit is then loaded by a resistor to build 
up the voltage to the desired value. This secondary 
voltage is rectified to give a unidirectional voltage 
proportional to the armature current. This armature 
current signal voltage can be divided by resistors to give 
both a positive and a negative signal with respect to the 
negative side of the armature, as shown dotted in 


_ Fig. 14. The negative signal is connected into the nega- 
tive side of the divider across the armature voltage. As 


the armature current increases with load, this nega- 
tive signal voltage increases. Hence the armature 
voltage must increase to keep the grid of the control 
triode (Tube A) at the same potential. By adjustment 
of the amount of the current signal voltage which is 
inserted in the armature voltage divider, the terminal 
voltage of the armature or the rectifier output voltage 
can be made to rise by the amount of the JR drop, thus 
holding the motor speed very nearly constant as the 
load increases. By slight over-compensation for the IR 
drop, the droop of the control circuit can be very nearly 
compensated for, giving more nearly constant speed. 


If full or slight over-compensation is obtained, 
hunting is likely to occur unless some preventive 
measure is taken. A simple preventive is the addition 
of sufficient capacity across the compensating portion 
of the current-signal voltage divider C; in the dotted 
portion of Fig. 14 to give a slight delay to the compen- 
sating signal. An excess of capacity here is undesirable 
in that it increases the transient regulation of the 
system. 

To this simple motor speed control can be added 
other controls responsive to other functions. Since 
Tube A is biased off to turn on the thyratrons and 
turned on to turn off the thyratrons, it can be paralleled 
by another similar tube which is normally biased off, 
leaving Tube A in control, but which may be turned 
on by some other signal and in turn retard the firing 
of the thyratrons, regardless of the speed signal. In 
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Fig. 16. The control circuit with the addition of Tube G, to 
give a nearly constant rate of acceleration. 
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Fig. 14 such a parallel tube (Tube C) is shown con- 
nected to limit the load current. The cathode of Tube C 
is connected to a fixed reference voltage and the positive 
portion of the armature current signal is connected 
to the grid. As long as the current signal is appreciably 
less than the fixed reference voltage, Tube C is biased 
off and has no effect on the control of the thyratrons. 
Tube A then limits the firing of the thyratrons to hold 
the motor speed constant. If, however, the motor is 
called upon to accelerate to a higher speed, or the load 
on the motor is increased to the point where the current 
signal to the grid of Tube C approaches the reference 
voltage in magnitude, Tube C is turned on and retards 
the firing of the thyratrons sufficiently to keep the ~ 
current signal about equal to the reference voltage. 
Since this current signal is directly proportional to the 
armature current of the motor, this armature current 
is limited to a very nearly constant value. By adjusting 
the portion of the current signal which is used, the 
value of the current limit can be varied to suit the 
requirements. 


In a practical circuit, to control the speed and limit 
the armature current of a motor, a battery would 
probably not be used as the reference voltage. In one 
commonly used simple thyratron motor control, the 
Thy-mo-trol, the shunt field of the motor is supplied 
with direct-current rectified by a small mercury-vapor 
twin-anode rectifier tube, such as a Type 83, operating 
from .the same anode transformer as the armature 
rectifier. This field voltage, or a portion of it, can then 
be used as a reference voltage, as in Fig. 15. Here the 
coil of a small contactor which closes the motor arma- 
ture into the rectifier circuit and the START-STOP . 
button are connected in series with the reference- 
voltage divider. This connection serves a double pur- 
pose of dropping the field voltage to the value desired 
for the reference voltage and of opening this circuit 
to reduce the reference voltage to zero when the motor 
is stopped. Reducing the reference voltage to zero 
reduces the output voltage of the thyratron rectifier to 
zero. This output voltage must be reduced by this or 
some other means while the motor circuit is open to 
prevent the motor from being closed into a high voltage 
on starting. To close the motor contactor when the 
output voltage is high and the motor stalled would give 
an undesirably high armature current for the first few 
cycles, until the current limit circuit could turn on and 
retard the firing of the thyratrons and reduce the 
armature current to the preset limit. 


In the control shown in Fig. 15, all the signal voltages 
to the grids of Tubes A and C and the reference voltages 
to the cathodes have a high ripple component as well 
as the d-c. A capacitor from grid to cathode of each 
tube along with the high resistance in each grid circuit 
serves to average the grid-to-cathode voltage suffi- 
ciently. However, this resistance and capacity in the 
erid circuit of the current-limiting tube (Tube C) delays 
the response of the tube to a sudden rise in the arma- 


(Continued on next page) 
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THYRATRON MOTOR CONTROL 


(Continued from preceding page) 


ture current. If the current signal is low and the grid of 
Tube C is allowed to go correspondingly negative, the 
capacitor takes on a charge which because of the 
resistance in series will delay the rise of the grid voltage 
when the current signal rises suddenly, consequently 
delaying the current limiting action. By adding vacuum 
diode Tube E, the grid of Tube C is prevented from 
going more negative than just slightly below the cut-off 
value. Then when the armature current rises suddenly 
the grid-to-cathode voltage need change only a small 
amount, so the current-limiting control takes over 
much sooner. 

Other control tubes can be added to the thyratron 
grid control circuit in the same manner that the current- 
limiting tube is added. They may be used to control 
the thyratron output in response to almost any signal 
that can be put in terms of a direct voltage of sufficient 
magnitude. Since the control tube requires about two 
volts change to shift the firing of the thyratrons over 
the full range, the signal voltage must be appreciably 
greater than this and compared to a reference voltage. 
The greater this reference voltage can be made the 
smaller will be the load droop of the control. 


Control of Acceleration 

To the control circuit described might be added 
another control tube to give a nearly constant rate of 
acceleration, as in Fig. 16. Here the cathode of the 
control tube is connected to the reference voltage, as 
before, but the signal voltage which the control tube 
attempts to hold constant is the derivative of the 
armature voltage. The armature voltage of the motor 
is filtered to give substantially a d-c voltage by the 
resistor Ri; and capacitor Cs. The charging current of 


: dV. 
capacitor Cy will be 1-=C,y a If this charging current 


is put through the resistor Ris, the voltage across Rig 
will be 


ie 
die 


Wee —= te Rig = Cy Rie 


The control Tube G attempts to vary the armature 
voltage in a manner to keep this signal voltage Vs 


constant. Then if Vs is kept constant, ~ must be 
t 


constant; and since Va=V.+V; then — must bé 
t 


constant where Va=armature voltage, V-.=voltage 
across the capacitor Cy and V;=the signal voltage 
across Rig. ; 

Holding the rate of change of armature voltage 
constant in this way will make the rate of acceleration 
of the motor very nearly constant. By changing the 
values of Rig and Cs, the rate of acceleration canbe 
varied readily from the maximum rate of change at the 
armature current limit down to a rate which will 
require several minutes to reach full speed. 


September, 1946 


In a similar manner, the control tubes can be made 
to regulate the rectifier output to limit the motor 
speed or torque in response to any number of signal 
voltages in addition to the two commonly used ones, 
armature voltage (speed when JR compensation is 
used) and armature current, or in place of either or 
both of these two. When two or more reactions of the 
motor or system are used to control the rectifier supply- 
ing the motor armature, each control acts as a limiter. 
Whichever signal reaches the preset limit first takes 
over control. For example, in the simple motor control 
shown in Fig. 15, when the motor is preset for a high 
speed and started, the armature current reaches the 
desired limit and the current-limiting circuit takes 
control while the motor is accelerating until the preset 
speed is reached where the speed control takes over. 
In the example shown in Fig. 16, where the rate-of- 
acceleration control is added, the preset rate of ac- 
celeration would probably be reached before the arma- 
ture current limit, so the acceleration control would 
take over until the preset speed was reached. : 

This method of thyratron grid control is not limited 
to the control of the armature of the motor but can be 
used for the field of a d-c machine or almost any other 
type of load. It might also be extended to polyphase 
rectifiers. 

The following are a few points of caution to be 
observed in the application of this control: 


(1). Inthe commonly used circuit shown in Fig. 15, 


. the reference voltages are obtained from a resistance 


divider across the field voltage. Changing the ratio 
of the resistances in this divider changes the reference 
voltage. Therefore, the resistance of the speed- 
control potentiometer cannot be changed or another 
potentiometer added without changing other resistors 
to keep the voltage ratios the same. Also, the total 
current must remain the same through the contactor 
coil. 


(2). Resistance in the -cathode circuit of the 
vacuum triode control tube gives degeneration. There- 
fore, the cathode must be connected to a relatively low 
resistance circuit. This makes it undesirable to use 
more than 10,000 ohms in the speed control potenti- 
ometer when used as in Fig. 15. 


(3). When any additions are made to an established 
circuit, it is necessary that the voltage from the grid 
to cathode of the control tube be well filtered. Other- 
wise the regulation, or load droop, of the circuit may 
be greatly increased. 


(4). In making special controls, a combination of 
delays in the system and high sensitivity may cause 
the system to hunt or oscillate. If the system should 
hunt, one or more anti-hunt circuits may be required. 
Such anti-hunt systems are generally not difficult to 
determine by one who is reasonably familiar with the 
art. An analysis of anti-hunt systems, however, is 
outside the scope of this article. 
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ORE than any other single factor, the tem- 
perature of machine windings determines 
the machine loading relative to potential 

capacity. Thus temperature-indicating equipment has 
always played an important part in the operation of 
electric power equipment. In addition to showing load- 
ing, temperature-measuring instruments will frequently 
detect existence of faults so that appropriate corrective 
measures can be taken before extensive damage is done. 

Most large synchronous machines and power trans- 
formers are provided with temperature-sensitive ele- 
ments to permit measurement of stator or winding 
temperature. The requirements are such that these 
primary detectors must have physical dimensions that 
allow them to be imbedded in stator slots and be suit- 
able for use in a measurement system capable of remote 
indication. _ , 

Since the temperatures involved are relatively low, 
the electric-type resistance thermometer best meets the 
requirements. Current practice is to equip large ma- 
chines with several resistance temperature detectors 
wound of copper wire to a standardized resistance of 10 
ohms at a reference temperature of 25 C. These detec- 
tors are in the form of a thin strip (Fig. 1) for stator 
measurements, of a tube or bulb (Fig. 2) for bearing oil, 
or of a strip in a copper enclosure (Fig. 3) for measuring 
the temperature of cooling air. A 25-ft lead designed to 
connect any one of these detectors to its recorder is 
shown in Fig. 4. 


This article is so paged that, without mutilating other articles, it can be 
conveniently removed for separate filing by tearing out pages 30 to 32—EDb. 


Resistance-type temperature detectors are customarily built into machines 
such as this—a 2500-hp hot-strip mill motor—and also in other large and 
important motors, generators, and transformers to provide means of measur- 
ing their internal temperatures with suitable indicators or recorders. The 
recorder described in this article is one that possesses several new and de- 
sirable features for such service 


The machine manufacturer usually installs the tem- 
perature detectors, and the switchgear manufacturer or 
user makes provisions for the indicator or recorders. 


New Recorder 

Temperature indicators for use with standard detec- 
tor units have been available in conventional forms, but 
the same has not been true of recorders. Although highly 
accurate recording electric thermometers have been and 
are available, they are of the large potentiometric type, 
the cost of we precludes their use in many installa- 
tions. 


Fig. 1. Two resistance-type temperature detectors of the molded-strip 
design for installation in machine windings 


Fig. 2. A resistance thermometer detector of the type used for measur- 
ing oil or water temperatures 


Recent developments have resulted in a new form of 
strip-chart temperature-recording equipment (Fig. 5) 
which operates from standard 10-ohm resistance tem- 
perature detectors. A section of the chart is shown in 
Fig. 6. The recorder is inkless, of small size, weather- 
proof, may be used interchangeably wna indicators, and 
is relatively inexpensive. 


Operating Principle 

The diagram in Fig. 7 shows the major components 
and their relationship to.each other. It will be noted that 
the measuring circuit of the recording unit is connected 
to measure the unbalance in a Wheatstone bridge, one 
arm of which is the resistance temperature detector. The 
other three arms are resistors which have practically 
zero temperature coefficient of resistance, and which are 
adjusted to balance the bridge circuit when the temper- 
ature of the detector is 77 C. 

A constant-value d-c voltage is impressed across the 
bridge to furnish actuating power. This unidirectional 
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voltage is obtained by full-wave rectification of the a-c 
auxiliary source. The small transformer, that is included 


‘as part of the equipment, serves the dual purpose of 


stepping the supply voltage down to approximately 12 


volts and of acting as a voltage regulator (since the core 


is saturable), thus rendering the secondary voltage con- 
stant for at least plus or minus ten pet cent variation in 
the primary voltage. 

When the detector is at a temperature different from 
77 C, the bridge is unbalanced and the zero-center 
inkless recording unit measures the unbalance as a func- 
tion of temperature. 

The complete recording equipment consists of a power 
supply unit and a recording unit. 


Power Supply Unit 

This unit, shown at the right in Fig. 5, consists of a 
cast-aluminum weatherproof case which houses the con- 
stant-resistance bridge arms, the saturable transformer, 
rectifier, miscellaneous resistors, and a means of com- 
pensating for various resistances of leads between the 
resistance temperature detector and the power unit. 


Fig. 3. Sheath-type resistance element suitable for making air-tempera- 
ture measurements 


Fig. 4. A three-conductor lead specially made to connect a resistance 
temperature detector to its measuring equipment 


This lead-resistance compensating device consists of 
three one-ohm resistors tapped at 0.1 ohm intervals and 
connected to a triple-pole selector switch. Setting the 
switch to the point corresponding to the lead resistance 
(to the nearest 0.1 ohm) compensates for lead resistance 
up to one ohm. 

The power unit is equipped with a handle for con- 
venience in portable use and 
with a keyhole-shaped recess ee 
in the back to facilitate surface ee ka. 
panel mounting. The dimen- 
sions of the unit are 744 by 5 
by 4,/5 in.; and its net weight 
is 5 lb. 


Recording Unit 
The recording unit, which is Tees 

shown at the left in Fig. 5, 

is substantially a d-c type of 
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TERMINAL CORE SELECTOR TERMINAL 


Fig. 5. The inkless machine-temperature recorder (on the left) and its 
power supply unit (on the right) 


recorder rated 0.5-0-0.5 milliampere. This form of instru- 
ment, but designed for a-c applications, is widely used 
by power company distribution departments for voltage 
survey work. It is well known for its inkless feature, 
small size, light weight, weatherproof case, and low 
cost. 

The temperature recorder has a scale and record roll 
graduated from 20 to 140 C in 60 equal divisions. The 
recording is done on a 4-inch-wide strip chart (Fig. 6) by 
an inkless recording mechanism employing a standard 
typewriter ribbon as the recording medium. The stylus, 
which is positioned by the electric element, is pressed 
against the back of the record paper once each second. 
by a Telechron motor-driven striker bar, thus making a 
series of dots on the front of the chart. 


a 
eT 
AAA 


Fig. 6. A section of the strip chart on which the temperature record is 
made 
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Fig. 7. Schematic diagram of the circuits that interconnect the major 


components of the temperature recorder 
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Fig. 8. External connections when recorder is used with only one detector 


A separate Telechron motor drives the chart at 1, 2, 
or 3 inches per hour, depending on the rate-gear being 


used. At these chart speeds, the temperature record ap- . 


pears as a continuous line. 

Housed in a die-cast aluminum gasketed case, the in- 
strument is weatherproof and suited to either portable 
use or surface panel mounting. The hinged front of the 
case swings open for ready removal of charts. The over- 
all case dimensions are 934 by 73 by 6 in. approxi- 
mately; and the net weight is 12 lb. 


Performance 

The equipment has an accuracy rating of plus or 
minus 3 C for the range of 20 to 140 C. Calibration at a 
particular point can be made to greater accuracy by 
means of the zero-adjusting mechanism. 

The readings are substantially unaffected by supply 
voltage variations of plus or minus ten per cent, or fre- 
quency deviations of plus or minus 0.5 cycle. The influ- 
ence of ambient temperature variations is small. 

Use in Existing Installations 

The new inkless recording temperature meter can be 

used as permanently installed equipment, or for tem- 
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Fig. 9. When used with three detectors, a transfer switch, and test 
resistor 


porary service as the occasion requires. It can be em- 
ployed to supplement an existing temperature indicator, 
by providing a double-pole double-throw switch to con- 
nect the A and C leads (Figs. 8 and 9) from the detector 
either to the indicator or the recorder. The common B 
lead and the auxiliary source should, in this case, be con- 
nected permanently to both instruments. 

Most installations of indicating equipment are pro- 
vided with a test resistor for calibration check. The 
same resistor is satisfactory for the recording equip- 
ment. 

Since the resistance temperature detectors used in 
most rotating machines and power transformers are 
standardized as to both nominal resistance and tempera- 
ture coefficient, usually no change in the detector in- 
stallation or wiring to the control station will be required. 


Fig. 10. The inkless recorder and its supply unit recording the tempera- 
; ture in a low-temperature oven 


Other Applications 

Applications of the recorder described in this article 
are not limited to measuring the temperature of ma- 
chine windings. These recorders may be used also in con- 
junction with detectors installed in cooling-air ducts or 
in bearing housings for making oil temperature measure- 
ments. Other uses include the recording of temperature 
in ovens (Fig. 10), melting pots, treating tanks, and 
liquids in pipes. 

The allowable distance between the power unit and 
the detector is determined by the size of the connecting 
leads. The only limiting factor is that the one-way lead 
resistance should not exceed one ohm. 


Conclusions 

hile several forms of direct-acting recorders are 
available for electric quantities, such as current, voltage, 
power, etc., the equipment that has been described here 
is the first comparable instrument to extend the advan- 
tages of simplicity, small size, and relatively low cost to 
the field of resistance-thermometer temperature record- 
ing. The new recorder is not intended to be a high-pre- 
cision laboratory-type instrument. Instead, it is designed 
to serve the purpose of a valuable tool for those who 
must keep constant watch over temperature to obtain 


the maximum possible service from their electric power 
equipment. 
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Constructed for 
long life 
under the usage 

requirements of 

elevision equipment, 
these mineral oil 
impregnated and filled 
capacitors withstand 


high voltage at high temperatures. 


Hermetically sealed in metal cases 


with hook, flange, or adjustable 
mounting brackets, these capacitors are 
available in varied sizes and rating 


Quotations for early 


delivery on request. 
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\HE story of the development of network 

analyzers is a fascinating one. The first d-c 

calculating tables,Y2@® one of which, shown 
in Fig. 1, was built thirty years ago, provided a means 
by which the short-circuit currents in an electric net- 
work could be determined easily and with sufficient 
accuracy for use in the selection of circuit breaker 
interrupting capacities and the setting of overcurrent 
relays. D-c calculating boards are still used extensively 
for problems which can be solved by their use.“ 

In the study of stability phenomena where two or 
three machines and relatively long transmission lines 
were involved, miniature systems, illustrated in 
Fig. 2, were later used, and had the distinct advantage of 
yielding direct qualitative physical results. However, 
quantitative results were difficult to obtain by the use of 
such systems because of the difficulty of building model 
synchronous machines with characteristics correspond- 
ing to the larger machines. Thus it became a practical 
necessity to develop analytical methods for analyzing 
system and synchronous machine performance. 

The introduction of symmetrical components as a 
means for resolving unbalanced three-phase systems 
into a set of balanced networks made possible the 
representation of unbalanced three-phase networks by 
single-phase circuits. This method of representation 
contributed much to the usefulness of the modern a-c 
network analyzer. 

The use of the per unit or per cent method of repre- 
senting system constants has been another factor 
which has increased the analyzer’s flexibility. Since 
the per unit value of any quantity is its ratio to a 
selected base quantity of the same dimensions, it is 
possible to select base quantities such that the per unit 
values to be represented on the analyzer will always 
fall within some fixed range. Thus, by proper selection 
of voltage and power bases, which also establish current 
and impedance bases, it is possible to represent on one 
a-c network analyzer anything from a low-voltage, 
low-power distribution network to a high-voltage, 
high-power transmission system. 

Approximately twenty years ago the first step in the 
design of an a-c network analyzer was taken when a 
phase-shifting and voltage regulating device for 
simulating the action of an a-c generator was de- 
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veloped. Since 1929, when the first a-c network 
analyzer,®) was built, twelve or more network analyzers 
have been built and put into operation in the United 
States and Canada. Many improvements,®)@) have 
been made and are continuing to be made since the 
original designs were completed, and as power systems 
have grown and interconnections have multiplied, the 
a-c network analyzer has become a practical necessity 
to designing and operating engineers. One a-c network 
analyzer,®) placed in operation in Schenectady during 
1937, has had over 300 different system studies made on 
it alone by approximately 150 domestic and foreign 
power ,companies, consulting engineering firms, and 
industrial organizations. In addition, more than 50 
special problems have been solved as a result of its use by 
research, design, and application engineering groups. 


Fig. 1. One of the first network.analyzers, this d-c calculating board 
was used to determine the effects of short circuits on a system 


The range of application of the network analyzer as 
an aid in the solution of important engineering problems 
is illustrated by brief descriptions of several types of 
studies which have been made, chosen as examples to 
illustrate the varied field of application. The list is not 
complete, and further examples are given in the 
appended bibliography.* 


General Description of Analyzer ) 
The a-c network analyzer shown in Fig. 3 consists of 
approximately 340 network units for representing the 


* For all references, see correspondingly numbered items i ieee 
raphy at the end of this article. if e in the Bibliog 
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various elements of an electric network. Desired values of 
resistance, inductive reactance, capacitive susceptance, 
and desired transformer or regulator tap settings are 
obtained by means of the adjusting dials, which are 
calibrated in per cent, on the front panel of each 
individual unit. Each unit terminates in a pair of 
flexible cords and plugs, and the desired network is 
formed by properly inserting these plugs in the jack 
panels on either side of the central metering cabinet. 
The generator units, located above the plugging and 
metering cabinets, have individual phase-angle and 
voltage-magnitude adjustments, and can be connected 
to any point in the network under study. By means of 
selector switches, the three high-speed, light-beam- 
type master instruments located in the central metering 
and control panel can be used to measure power and 
reactive power, vector as well as scalar quantities of both 
voltageand current, and voltage and current phase angles 
at any point whatever in the network being studied. 

In solving problems with the network analyzer, the 
same general approach is ordinarily followed as in 
solving them by longhand calculations in which the 
per cent or per unit system is employed. Problems 
involving balanced three-phase currents and voltages 
are solved as single-phase problems on a positive phase- 
sequence, line-to-neutral basis. Problems involving 
unbalanced conditions are usually solved in a some- 
what similar manner using the method of symmetrical 
components. For most power system studies it is 
justifiable to assume that the positive phase-sequence 
and negative phasge-sequence networks are identical. 
Generally, then, only the positive and zero phase- 
sequence networks need be actually set up on the 
analyzer to solve the usual type of unbalanced problem. 
Some problems involving simultaneous unbalances 
may be solved more easily by actually setting up a 
three-phase representation on the analyzer. This 
representation, however, ordinarily would be em- 
ployed only where the network is comparatively simple 
and only two or three sources of power are required, 
each of which may be represented by three generator 
units with voltages 120 electrical degrees apart. 


Load Studies 
A major portion of the power system studies made 


on the a-c network analyzer are load studies. In general, 


these are made to determine the proper extension or 
revision of power systems or to investigate new operat- 
ing procedures on existing systems in order to supply 
new or increasing loads. The analyzer is used in such 
studies since it provides a means of solving con- 
veniently and accurately complex power system prob- 
lems which otherwise could be solved only by longhand 
calculation at a prohibitive cost in time and labor. 
Once a given power system has been set up on the 
a-c network analyzer, generator outputs, key voltages, 
system loads, transformer taps, and other quantities 
can be readily adjusted to correspond to some pre- 
determined actual system condition. The master 
instruments can then be used to measure voltage, 
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Fig. 2. Miniature system duplicating a 500-mile transmission system, in 
which direct qualitative results can be obtained 


current, power, reactive power, and phase angle at any 
desired points in the network. The results of this study 
can then be compared to known system performance 
as a check on the accuracy of the system representation 
used on the analyzer. With this basic case as a begin- 
ning, variations in system conditions can be made as 
desired. | : 

Often the next step is to increase the system loading 
to correspond to some future estimated condition. 
Application of these future loads will indicate what 
additional facilities will be required to maintain satis- 
factory voltage levels or to avoid overioading of equip- 
ment. 

Various alternative methods of handling the load 
increases can be compared. For example, if a new gen- 
erating station is required, load studies can help indicate 
which of several available sites is preferable, which 
method of getting power into the system is best, and 
other such considerations. The best location for a new 
substation can also be determined by means of load 
flow studies. In the case of transmission lines, load 
studies are usually made to determine the best location, 
operating voltage, and conductor size. The effects of 
varying transformer ratings and tap ranges and settings 
are also easily investigated by means of load studies, 
as are the effects of rating and location of synchronous 
condensers and capacitors for voltage control and 
power factor correction. Thus utility planning engineers 
can study the present installation of equipment in the 
light of future system requirements. 


Fig. 3. Engineers studying the performance of an electric power system with 
the use of an a-c network analyzer. The three high-speed, light-beam-type 
instruments located in the central panel can be used to measure electrica] 
quantities at any desired point in the system 


In addition to determining the operating character- 
istics of new equipment, load studies can be made for 
the purpose of investigating operating procedures to be 
used in case of emergency loss of generators, trans- 
mission lines, or other equipment. 

Various other types of information can be obtained 
from load studies, among which are the evaluation of 
system losses, effect of bus reactors, effect of rearranging 
existing circuits, effect of changes in transformer react- 
ance and rating, and the effect of phase-shifting trans- 

formers. Load studies such as these familiar examples 
~ are of major importance in investigating the perform- 
ance of interconnected power systems. In these cases, 
the interchange of power and reactive kva among 
the several systems under various conditions of loading 
must be known so that adequate operating schedules 
and procedures can be determined in order to meet 
contractual agreements. Where both hydro and steam 
generation are present on a system or group of inter- 
connected systems, load studies on the analyzer serve 
to assist in the determination of the most economical 
division of power generation for each hour of the day 
and season of the year. This enables the system oper- 
ators to prepare definite generation and interchange 
schedules well in advance of the time they are actually 
needed, and to obtain approvals and contractual agree- 
ments from all groups involved. 


Short-circuit Studies 

Three-phase short circuits can be easily simulated 
on the analyzer by connecting the point in question 
(in the positive phase-sequence network) directly to the 
analyzer ground bus. Unbalanced faults, such as line-to- 
line, single-line-to-ground, and double-line-to-ground are 
solved by the method of symmetrical components.) 

Among the types of information that can be obtained 
from short-circuit studies are the following: 


(1). Maximum short-circuit currents for determina- 
tion of circuit breaker interrupting duties 

(2). Maximum and minimum short-circuit currents 
and voltages and their phase relationships for 
determination of protective relay settings 

(3). Effects of various types of system grounding 
and determination of rating of neutral grounding 
devices 

(4). Bus voltages during short circuits as a measure 
of fault severity and effect on the system 

(5). Determination of fault currents for application 
of expulsion protector tubes and fuses 

(6). Effect of mutual coupling between circuits 

(7). Determination of zero phase-sequence currents 
for inductive co-ordination studies. 


Transient Stability Studies 

Transient stability studies, which result in swing 
curves, can be made on the a-c network analyzer with 
the same fundamental approach that would be em- 
ployed in a longhand calculation. The analyzer, how- 
ever, solves the most difficult part of the problem— 
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Fig. 4. Typical set of swing curves obtained from five-machine 
transient stability study 


that is, the determination of power flow among the 
synchronous machine groups during the disturbance. 
During this process, the analyzer also yields important 
supplementary information in regard to apparatus 


performance during the disturbance, particularly with 


respect to protective relays. 

To materially simplify the procedure involved in 
making a transient stability study, the effects of 
governors, voltage regulators, and machine saliency, 
saturation, and damping torques are usually neglected. 
Although such simplifications normally have little 
effect on the accuracy of the final results, these factors 
may be taken into account when this is desirable. 

The step-by-step calculations required in a transient 
stability study are facilitated by means of an especially 
prepared form for recording the machine data and 
calculating the angles for each interval of time, thus 
reducing the computation to a routine procedure. A 
typical swing curve is shown in Fig. 4. 

Typical information obtainable from transient sta- 
bility studies includes 


(1). Transient stability limits with various types of 
faults and fault locations 


(2). Switching time required to. clear faults and 
maintain stability 


(3). Effect of various switching times on transient 
stability limits 
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(4). Effect of machine inertia on transient stability 

(5). Effect of transient reactance on transient 
stability. 

(6). Effect of bus and switching arrangements on 
transient stability limits 

(7). Effect of rapid reclosing of circuit breakers. 


Steady-state Stability 

Steady-state stability limits can be determined by 
means of the a-c network analyzer. An approximate 
method of investigation is often used when it is justifi- 
able to : 


(1). Neglect the effect of voltage regulators, other 
than their ability to increase the field excitation 
slowly after a small increase in load. 

(2). Neglect the effect of inertia of the rotating 
equipment 

(3). Neglect the effect of prime-mover governors 

(4). Represent loads by means of shunt impedances 

(5). Represent synchronous machine groups by 
equivalent synchronous machines. 


When this approximate method is used, each syn- 
chronous machine group is represented by an equivalent 
impedance which is, in an individual machine, some- 
what less than the synchronous reactance, depending 
on the degree of saturation. 
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Fig. 5. Equivalent circuits for determination of steady-state and hunting torques 
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Fig. 6. Damping and synchronizing-torque coefficients of a typical 
doubly fed machine, showing the results obtained from the use of the 
equivalent circuit shown in Fig. 5 
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In general, this approximate method gives conserva- 
tive steady-state stability limits; that is, the factors 
which have been neglected will tend to increase the 
stability limits. If the use of this method leads to 
stability limits near to, or less than, the power-carrying 
requirements, further refinements can be used in 
testing for the steady-state limits. 


Special Electrical Circuit Problems 

Many types of electrical circuits other than power 
system networks can be set up and solved on the a-c 
network analyzer. Problems such as the determination 
of the best method of starting 
large synchronous motors or 
synchronous condensers, reduc- 
W+jQ tion of a complicated network to 
a more simple equivalent cir- 
cuit, steady-state or transient 
performance of electrical ma- 
chinery, and many others have 
- been investigated on the a-c net- 
work analyzer. The effect of 
saturation, voltage regulators, 


could occur in a wind-tunnel 
drive and to design the system 
Qy—-Q, 3 so as to avoid these regions. 

Qh Fig. 5 shows the type of equiv- 
alent circuit used, and Fig. 6 
shows an example of the re- 
sults obtained. It is of interest 
to note that the hunting torque 
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coefficients depend on the products of certain voltages 
(or currents) in the steady-state equivalent circuit and 
corresponding currents (or voltages) in the hunting 
equivalent circuits. These products may be read directly 
on the network analyzer watt-var meter. 


Out-of-step Operation of Electrical Machines 

Another special machinery problem solved with the 
aid of the a-c network analyzer has been the determina- 
tion of the magnitudes and distribution of amortisseur 
currents during the out-of-step operation of a syn- 
chronous machine. *Fig. 7 shows the type of equivalent 
circuit used, and Fig. 8 is an example of one of the 
curves of amortisseur current vs slip obtained. It is of 
interest to note in Fig. 8 that there is for some slips a 
considerable difference between the current in the 
leading (L) and trailing (T) bars of the amortisseur 
winding or a mesh symmetrical about the pole axis. 


Torsional Oscillations 
It is commonly known that the equations of per- 


formance of many mechanical and electrical systems — 


are similar. By means of this analogy, certain electrical 
concepts can be introduced so that actual electrical 
circuit elements of the a-c network analyzer can be 
connected to simulate certain mechanical circuits. 
Analyzer instrument readings then correspond to 
analogous mechanical quantities. Torsional oscillation 
problems have been particularly susceptible to this 
approach, @2) 8) 

In ship-propulsion systems, pulsating torques which 
are produced by the propeller or prime mover may be 
amplified under certain resonant conditions. The 


straightforward calculation of these oscillatory torques | 


may be quite laborious and time-consuming. However, 
the a-c network analyzer has been used to determine 
curves of torque amplification vs frequency without the 
necessity of actually solving the equations of motion 
of the mechanical system. 


As an example, consider the mechanical ship drive 
shown in Fig. 9. This system can be reduced to a 
common rotational speed, ordinarily that of the pro- 
peller. Any inertia, spring gradient, or damping coeffi- 
cient operating at a speed R times that of the propeller 
is then multiplied by R®. The torques found are RK 
times the actual torques, and the deflections are 1/R 
times the actual deflections. 

With damping neglected, the equivalent electrical 
circuit is shown in Fig. 10. The equivalence of the 
electrical and mechanical circuits for transient and 
_ “Asynchronous and Single-phase Operation of Synchronous Machines,” 


by A. W. Rankin, proposed for presentation at the AIEE Great Lakes Dis- 
trict Meeting, Indianapolis, (Ind.) October 9-11, 1946. 
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Fig. 8. An example of one of the amortisseur 

currents obtained. Z represents the current in 

the leading bar, 7 in the trailing bar, of a mesh 
symmetrical about the axis 


network analyzer 


Fig. 7. The equivalent circuit used 

to analyze amortisseur currents 

during the out-of-step operation of 
a synchronous machine 
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Fig. 9. Typical geared ship-propulsion system, for which the values 
of torque amplification vs frequency can be obtained with the use of the 


Fig. 10. The equivalent electrical circuit of the system shown in Fig. 9 
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Fig.11. Typical torque amplification curves of the system shown in Fig. 9 


steady-state oscillations can be shown by writing the 
equations for each system. 

In studying torsional vibrations, a sinusoidal voltage 
is applied to simulate the oscillating component of 
propeller torque. Since the analyzer operates at a fixed 
frequency, the electrical constants are varied to simu- 
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Fig. 12. Network used to represent rectangular cavity resonator 
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late various oscillatory frequencies in order to obtain 
the desired curves of torque amplification vs frequency. 

The torque on any shaft is represented by the voltage 
across the corresponding capacitor in the electrical 
circuit. The ratio of this voltage to the applied voltage 
is the amplification factor, which, when plotted as a 
function of frequency, will indicate the critical fre- 
quencies of torque pulsations, as shown in Fig. 11. 
Velocity-type damping in the mechanical circuit can 
also be represented electrically by means of resistance. 
Thus, damping may also be taken into account in the 
network analyzer solution. 

Recent work in establishing equivalent circuits of 
electrical machines,(?-2) elastic structures,@4” field 
equations of mathematical physics,@8-5) and poly- 
atomic molecules, “® 6”) has greatly increased the scope of 
problems which can be solved by use of the a-c net- 
work analyzer. 


erocesece 


Fig. 14. Type of equivalent circuit used in solving the Schrodinger 
equation 


Electromagnetic Cavity 
Resonators 


The equivalent electric cir- 
cuit for a particular electro- 
magnetic cavity resonator is 
shown in Fig. 12. This cavity, 
as well as others,@83) was 
studied by means of the net- 
work analyzer, and the in- 
ternal electromagnetic field 
distribution caused by pre- 
scribed boundary conditions 
were determined. Fig. 13 
shows one example of the field 
distributions found. 
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Schrodinger Equation 
Relatively simple equiva- 
alent circuits have been devel- 
ANALVZeR RESULTS oped for the representation of 
= catcuLateo resurts the Schrddinger equation of 
atom structure. ©?) @3) By their 
aid the eigenfunctions (corres- 
ponding to resonant frequen- 
cies of the equivalent circuit) 
may be readily found by a 


circuit parameters. The pro- 
cedure is quite similar to that 
described in more detail for the 
problem of torsional oscilla- 
tions. Fig. 14 shows the type 
of equivalent circuit used. In 
this circuit, the capacitances 
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systematic variation of the © 


are varied to find the resonant points at which the 
supply generator current reduces to zero. Fig. 15 
shows an example of the results obtained. These 
eigenfunctions are for the case of a potential barrier 
between two regions of unequal potential and are 
determined by voltage readings on the analyzer circuit 
for the various natural frequencies. 


Summary 

- Once a particular equivalent circuit has been de- 
termined, it can be set up on the analyzer; readings of 
current, voltage, and power then correspond to certain 
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physical entities in the physical system for which the | 
equivalent circuit has been obtained. As in the case | 
of power system studies, it is the ease and rapidity | 
with which changes in the system can be made and | 
solutions obtained that make the a-c network analyzer | 
such a powerful and versatile analytical tool. 
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Fig. 15. Ejigenfunctions for rectangular 

barrier between potential levels: Left of 

barrier V =0; barrier height Vo =1.0; right 
of barrier Vi =0.40 
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—is today one of the finest cities in the world. Guide books deal faithfully 
with its architectural features, amenities and historical associations, but large- 
ly ignore those ‘‘monuments’’ to engineering enterprise and achievement, the 


te. BTH supplied the electrical equipment of 
the entire rolling stock of the Bombay suburban 
line of the Bombay, Baroda and Central India 
Railway—including the Traction Motors and 
Control and auxiliary gear, while Mazda 
lamps provide much of Bombay's lighting. 
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“essential services.’’ Yet the fact is that 
these services—power, light, water, trans- 
port, etc.—are the essential background 
of this great city: just as BTH is—and for 
the past fifty years has been—the essential 
background to many important engineer- 
ing achievements in scores of big towns 
the world over. 
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».. and the same varnish 
is now being used for 
protection in peacetime 
communications systems 
far and wide. 


GENERAL ELECTRIC'S unrivaled facilities for synthetic 
resin insulating varnish research, development and manu- 
facture are now available to all who make or repair elec- 
trical equipment. Be sure of product uniformity, by virtue of 
G-E Quality Control—specify G-E Insulating Varnishes. For 
full details consult your local General Electric Merchan- 
dise Distributor. Or write direct to Section RIMA-9610, 
Resin and Insulation Materials Division, Chemical De- 
partment, General Electric Company, Schenectady 5, N. Y. 
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equipment can be any better than its insulation 


Because of its excellent 
weather resistance, this 
insulating varnish was 
used for all kinds of war 
communications equip- 
ment... 


G. E. OFFERS A COMPLETE LINE OF INSULATING MATERIALS 
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STANDING-WAVE INDICATOR 


A versatile measuring instrument for high-frequency de- 
velopment. Theory for determining power law of detectors, 
complex impedance, reflection coefficients of cable con- 
nectors, microwave-cable attenuation, and net power flow 


By G:;, E. FEIKER 


General Engineering and Consulting Laboratory 


General Electric Company 


HE standing-wave indicator is a most versatile 

measuring instrument for the engineer engaged 

in microwave development. Measurements of 
complex impedance and standing-wave ratio of 
transmission-line loads, attenuation and characteristic 
impedance of the lines, and net power flow at any point 
in the system are but a few of its applications. 

Simple in principle, the indicator consists of a slotted 
section of coaxial line or wave guide with a movable 
probe detector to sample the voltage distribution along 
the line. For precision measurements the indicator must 


have many refinements, however, and the resulting 


apparatus requires careful design and precise machine 
work. 

The theoretical basis and experimental technique for 
standing-wave measurements in coaxial lines are pre- 
sented in this article; the general principles are similar 
for wave guides used at the higher microwave fre- 
quencies. Fig. 1 illustrates a laboratory design of the 
coaxial, single-ended type indicator used at frequencies 
in the order of 3,000 mc. Power is fed in one end of the 
indicator through a coaxial cable and the system to be 
tested is coupled to the other end by means of a coaxial 
connector. A tunable probe with crystal rectifier is used 


as a detector. 


Mechanical Features 

The standing-wave indicator has several special 
features of construction. The main outer conductor 1s 
a precision tubing, often electroformed from copper 
and plated to prevent corrosion. The slot is accurately 
milled parallel to the axis of the tube. Fig. 2 shows the 
relation of the probe, probe shield and slot. The tubing 
which slides over the outer conductor, serving as a 
carriage for the probe, is separated from the outer con- 
ductor by an air gap of about 5 mils. The low capacitive 
reactance at microwave frequencies effectively grounds 
the sliding tubing to the slotted section. Other means 
of grounding the telescoping tubing to the slotted 
section have been used. Direct metallic contact is pos- 
sible if the tubes are precisely fitted, or a quarter-wave 
trap arrangement can be employed. Variable metallic 
contact causes erratic voltage readings and excessive 
leakage prevents accurate determination of high stand- 
ing-wave ratios. 


This article is so paged that, without mutilating other articles, it can_be 
conveniently removed for separate filing by tearing out pages 43 to 46.—Eb. 
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The probe carriage is driven by a rack and pinion 
drive, provided with a vernier for fine adjustment. 
Relative displacement of the probe is measured on a 
one-inch dial gage. Displacements up to two inches can 
be measured by using the turret arrangement fastened 
to the sliding tube. 

The center conductor of the indicator is supported 
on the generator side of the slotted section by two 
polystyrene insulators. The other end of the conductor 
is supported by the load, if possible; if not, insulators 
properly spaced to cancel reflections are used. It is 
important that the center conductor be coaxial with the 
outer, in order that the detector reading be the same for 
successive maximum and minimum voltage readings. 


Fig. 1. Precision standing-wave indicator of the single-ended type, 
used for measurements at frequencies in the order of 3000 mc 


Voltage Distribution 

The voltage distribution along the line feeding the 
load can be expressed as the sum of two travelling 
waves. The ratio of reflected wave to incident wave at 
the load is the complex reflection coefficient pe”. If 
the direction of wave propagation is considered positive 
from load toward generator, the complex amplitudes of 
voltage and current at any point in the line, at a dis- 
tance x from the load, are 


V=A (e+ pe%e™) 
(1) 


AA ae 
T= (e = pee) 
Cc 
where A is an arbitrary real constant, y= a+76 is the 
propagation constant of the line, and Z. is the charac- 
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Outer conductor 
Carriage 


Fig. 2. A cross-section detail of probe carrier for the coaxial standing-wave 


indicator illustrated in Fig. 1 


Vmax /V min 


b 
V min / V max 


A 
JO “> ‘radians 
Fig. 3. Curves of standing-wave ratio and its reciprocal vs 
half bandwidth, measured in radians 


teristic impedance. In most measurements the attenua- 
tion constant ain theindicator can be neglected, so that 


Vea (e78* 4. o¢3 6) 
Abe ; (2) 
fa = (= pei 
Z. (@" — pe ) 

A square-law detector is used almost exclusively, so 
that the distribution of the square of the voltage 
magnitude is of interest. 

|\V |? = A? [1+p?+2p cos (y—26x)] (3) 

A minimum voltage occurs when cos (W— 26x) = —1, 

a maximum when cos (W—26x)=+1. The values in 


The quantity Vimex/Vmim is called 
the voltage standing-wave ratio, and 
is abbreviated to VSWR. It is related 
to the absolute value of the reflec- 
tion coefficient p by 


Tee ae ea 
V min 1— p 

or (5) 
“VeWwR)=1 
i VSWR)oka 


Measurement of Standing-wave Ratio 
If the detector responds linearly to 
the square of the voltage, the stand- 
ing-wave ratio equals the square 
root of the ratio of detector currents at maximum and 


minimum, Do. 
: VOWR= 5 (6) 


This relation can be used for a ratio as great as 3.5, 
which corresponds to a detector current ratio of 10. 
Higher ratios are determined indirectly by investiga- 
tion of the minimum. 

Equation (3) for the distribution of the voltage 
squared can be rewritten, 

|VP= A? [1 + p?—2p cos 26x’, (7) 
where x’ is measured from a minimum toward the 
generator end. Expanding cos 28x’, and regrouping 
terms in cos? Bx’ and sin? Bx’, 


|VP = V2min [cos? Bx’ -+(VSWR)? sin? Bax’ ] (8) 


This equation. provides a means of | finding the 
standing-wave ratio, for if the probe is moved from the 
position of minimum voltage to a point on either side 
where |[V??}=2V? min, : i 

| 2—cos*6= 
PS 


VSWR = (9) 


sin 8 = 
in B— 
Ms, 


where A is the distance between points on either side of 
the minimum for which |V|?=2V7,in. For a. square 
law detector, these points give detector currents twice 
the minimum value. The relation between VSWR and 
half bandwidth in electrical degrees is shown in Fig. 3. 

For large standing-wave ratios Equation (9) becomes 


the two cases are, epptoxmately, VSWR = He 
Vmax =A (1+ p) Dy 
= 
Vri 3 
y * 
N Fig. 4. Vector relations between main 
: eis | Vm 3 sini VE Ge ate vole wave, 
2 /2X min Vy the reflected wave, and V, the re- 
2X min. “i flected wave at the load 
For W< 180° For W> 180° 2 
Wr2X,- 1 W72X,,.+ 17 E 
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The bandwidth A can be measured directly on the 
dial gage. 


Calibration of Detector : 

Equation (8) also suggests a means for determining 
the power law of the detector. If the indicator is ter- 
minated in a short circuit; so that: Vin =0, 


[V| = Vmax Sin Bx’ (1 i) 
In general, the detector deflection is proportional to 


the kth power of the voltage so that D=C| Vi 
substituting for V from Equation (11), 


D=C V* max sin® Bx! (12). 


If log D is plotted against log sin 6x’, the slope will 
give the exponential law of the detector. 


Oo 
Oo 10 20 30 40 50 60 70 80 90 100 


D Millimeters Deflection 


Fig. 5. Calibration curve of detector for power flow measurements. 
The dashed portion of the curve is extrapolated 


Measurement of Complex Impedance 

For some purposes, the determination of the standing- 
wave ratio 1s sufficient, but for measurements of complex 
impedance, the displacement of the minimum must be 
found. The relation of the reflection coefficient to the 
load impedance can be found from Equation (2), 
evaluated at the load, where x =0. 


Vi=A (1+ pe?”) 
A 
re (l= pe") (13) 


The complex load impedance 
Z1 1S 


The phase angle of the 
reflection coefficient W.is de- 
termined from the distance 
of the voltage minimum 
from the load. The rela- 
tion, insofar as trigonometric 
functions of wy are concerned. 
is 


C8 SIRE SR WA, 


YLLIMIILDD 
WiekicieLy 


The magnitude of the reflection coefficient is from 
Equation (5), | 
AV OWR) 1 
®~ (VSWR) +1 


substituting for p and yin Equation (14), and making 
some trigonometric substitutions, the ratio of load 
impedance to characteristic impedance is 


Z1_1—j(VSWR) tan B%min 


= 16 
Ze (VSWR) —jtanBxmin ue) 


The distance *%min in this equation refers to the 
distance from the load to the first minimum of voltage. 
This distance is the same as the displacement of the 
minimum caused by short circuiting the line at the input 
to the load. If the probe must be moved toward the load 
in order to pick up the nearest minimum, the displace- 
ment is positive, if toward the generator, negative. 


Measurement of Net Power Flow 

In conjunction with power measuring equipment 
for calibration, the indicator can be used to measure 
net power flow into any load. The relation between the 
standing-wave ratio and power flow can be deduced 
from the expression for load power, which is 


V max V min 
27 
where P; is the load power, Re signifies the real part 


of the product and the symbol fi* is the conjugate of J. 
This can be put into the form, | : 


1 A? 
as e(Vili*) a7 p”) 


Venin 
Pi=({—— }VSWR _.. 18 
fe CG: U8) 


c 


By means of a power-measuring device, the detector is 
Vy? s 
calibrated in terms of 57 as shown in Fig. 5. Net 


Cc 


power flow into an arbitrary load can then be measured 


_by finding the standing-wave ratio and determining 


2 


the value of corresponding to the minimum detector 


alc 
current. 
(Continued on next page) 


~=180°+2B%min (15) Component 


Generator under test 


as is evident from the vector 


diagrams shown in Fig . A, Fig. 6. Cross-sectional sketch illustrating the method of testing components for reflections 
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All Metal RHEOSTATS 


roe Increased Quantities Now 
Available on Short Delivery Cycle! 


TYPE PR-25 — 25-watt rating. Temperature rise, 
140°C. Standard resistance values, 1 ohm to 5,000 ohms. 
Diameter, 17!4''. Depth behind panel, 31%". 

TYPE PR-50 — 50-watt rating. Temperature rise, 170°C. Stand- 
ard resistance values, 0.5 ohm to 10,000 ohms. Diameter, 
2°8''. Depth behind panel, 134”. 

TYPE PRT-25 — (AN3155-25). 25-watt rating. Fulfills AN3155 
specifications. Totally enclosed. Heat-radiating black finish. 
Rear terminals. Standard values, 10 ohms to 200 ohms. To 
4 5,000 ohms on special order. Temp. rise, 140°C. 

TYPE PRT-50 — (AN3155-50). 50-watt rating. Same con- 
struction as PRT-25, to AN3155 specifications. Standard 
values, 5 ohms to 200 ohms. To 10,000 ohms on special 
order. Temp. rise, 170°C. 

All IRC Rheostats operate at about half the temperature 
rise of equivalent units and can be operated at full 
load on as little as 25% of the winding with only a slight 
zncrease in temper.sture rise, 
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INTERNATIONAL RESISTANCE CO. 
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Canadian Licensee: International Resistance Co., Ltd.. Toronto 


PRT 
(AN3155) 
CONTACT YOUR IRC REPRESENTATIVE 

FOR COMPLETE DETAILS 


ELECTRICAL 
INSULATING 
PAPERS 


NUNGRA 
‘High RAG 


COPAREX-S 
100% RAG 


COPACO 
100% RAG 


First two guaranteed 300 volts per mil. NUNGRA 


usually tests 300. All tough yet flexible. Nonchem. 
Standard Thicknesses .005 .007 .010 .015 .020 .025 
.030. Mfd. in 30” x 40” SHEETS and continuous 
ROLLS 450’ to 2000’ x 1/2” to 30” width. 

SAMPLES ON REQUEST 


Submit Your Insulating Paper Problems 
Both Old and New To COTTRELL Engineers. 
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FALL RIVER, MASSACHUSETTS ~~ 
Factory: Rock City Falls... New York © 
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STANDING-WAVE INDICATOR 


(Continued from preceding page) 


Measurement of Attenuation | 

Attenuation of microwave cable can be measured by 
terminating the cable in a power-measuring device and 
measuring input power by means of the standing-wave 
indicator. The loss in db is simply 


ee, 
db= 10 logis 
For measuring reflection coefficients of connectors or 
other r-f fittings, two indicators are generally used, as 
illustrated in Fig. 6. Lossy cable and a matching section 
are used to obtain a termination and the indicator at 
the load end is used to check the degree of match. 
From Equation (5), 


_(VSWR)-1 
°= (VSWR) +41 


The reflection coefficient is then measured on the 
second indicator. | 

Only a general indication of the wide variety of 
measurements possible with the standing-wave indi- 


cator is contained in this article. Many special tech- 


niques and equipments associated with its application 
have been devised to meet other needs for precise 
electrical measurements in the microwave band. 
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G-E SELENIUM RECTIFIERS 


Savings in both space and weight are features of G-E Selenium 
Rectifiers. Engineered and produced in a wide choice of sizes 
and capacities, they do a big job where limited space is a 
factor. They’re designed to withstand extreme variances in 
ambient temperatures, humidities, atmospheric pressures. 
They can be depended upon to deliver faithful service in 
series, parallel, and series-parallel circuits. G-E Selenium Rec- 
tifiers are noted for long and economical service. Write for 
booklet, ““G-E Selenium Rectifier Stacks.” Section A 11-7119, 
Appliance and Merchandise Department, General Electric 


Company, Bridgeport, Connecticut. 
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Plastic Material for Protection and Insulation 


A plastic material which can be shrunk 
over the ends of tubing, threaded pipes, 
and precision machine surfaces to serve as 
a protective covering, and around con- 
nectors, cable-ends, busbars, tools, and 
other electrical equipment to form tough, 
durable insulation, has been developed. 


Possessing good electrical, physical, and 
chemical properties, the material is tough, 
durable, and resilient, as well as water-, 
acid-, and alkali-resistant. It has good wet 
strength and will not split while it is being 
applied or during prolonged storage. 

The material is available in the form of 
caps and sleeves. Processing consists of a 
special dilator solution in which the 
material is immersed for two to four hours. 
During this: immersion the material ex- 
pands to as much as 1% times its original 
size. While dilated, it is placed in position 
on the product which it is to cover and is 
allowed to dry. It soon shrinks to smaller 
than its original size and forms a tight fit 
around the product without losing any of 
its physical properties. It may be easily 
removed by cutting with a knife. 

The protection which the plastic pro- 
vides varies according to its application. 


In covering the ends of tubing used in the 
manufacture of refrigerator evaporators, 
for example, the plastic cap prevents dust 
and moisture from entering the tubing 
during assembling operations. For threaded 
parts, the covering protects the threads 
against damage by contact with other 
materials. As a covering for drills and 
other tools, it may well be used to replace 
grease and prevent rust and corrosion, as 
well as protect the tools from possible 
contact damage. On pliers and _ wire- 
cutters, the covering is an excellent insu- 
lator. 


- One of the important advantages of this 
plastic material is its long life during stor- 
age. Whereas other coverings might be 
affected by the temperature and humidity 
when stored after many months, tests indi- 
cate that this material will last without 
splitting or cracking for years. Other ad- 
vantages include the fact that the ma- 
terial is heat-resistant as far as conven- 
tional baking cycles are concerned and 
is resistant to plating and degreasing 
solutions. : 


Caps and sleeves made from this 
material are available in many sizes. 


Upper left: Caps and sleeves of plastic material placed in a special dilator solution in which they 
swell to 11% times their normal size. Upper right: Tough, durable insulation around connectors, 
cable ends, tools, and other pieces of electrical equipment. Lower left: Protective covering for the 
ends of tubing, threaded pipes, and precision-machined surfaces. Lower right: Many sizes of 
caps and sleeves in a dry state. 
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Turbosuperchargers 


Fifty Stratocruisers for world airline 
operation will inaugurate commercial 
application of turbosuperchargers, which 
were used extensively during the war to 
give fighter planes and bombers increased 
power and altitude. 

Two-hundred turbosuperchargers will 
be installed on the Stratocruisers, the first 
of which is scheduled for completion early 
next year. The huge commercial aircraft 
will then be delivered to one of the major 
airlines for transcontinental and _trans- 
oceanic flights. 

On the Stratocruisers, the turbosuper- 
chargers will be housed in the nacelles of 
huge 3500-hp engines. Smaller and lighter 
in weight than the installations used on 
the B-29 bombers during the war, the new 
turbosuperchargers are designed to super- 
charge the planes’ engines during flight 
but not during take-off. ‘They are expected 
to save up to 14 per cent in fuel con- 
sumption at cruising altitudes, which will 
result in a substantial decrease in operating 
costs and an increase in the range of the 
planes. 


Silicone Oil in Aircraft 
Testing 


On the basis of findings made by the 
safety bureau of the Civil Aeronautics 
Board, silicone oil will be used by a large 
aircraft company for testing purposes. 
The CAB has been making extensive in- 
vestigations and studies of airline fires. 

Silicone oil is considered to be much 
less inflammable than conventional pe- 
troleum oil. It also has a low viscosity 
change with temperature. 

The Naval Research Laboratory, as well 
as the CAB, has put its stamp of approval 
on silicone oil after conducting exhaustive 
tests. 


TVA Generator 


The fifth waterwheel generator for in- 
stallation in the last scheduled dam in the 
Tennessee Valley Authority program is 
being rushed to completion. 

This generator, of 35,000 kva rating, 
will be installed this fall to complete the 
plant at the Kentucky Dam, located in 
the Tennessee River 20 miles from 


Paducah, Ky. 


Like most of the other dams comprising 
the TVA program, which involves harness- 
ing the Tennessee River and it trib- 
utaries, the Kentucky Dam _ combines 
navigation with power features. 

The five generators at the dam will 
have a total capacity of 157,000 kw. 
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Molded Circuit-breaker Parts 


Left to right: Main base, contact arm, and tripshaft—all in plastic, for circuit-breaker assembly. 


New and unique design features for 
molded products are illustrated in three 
plastic parts for circuit breakers. 

Molded in black phenolic material by 
the transfer molding process, the three 
parts included in the breaker assembly are 
the main base, contact arm, and tripshaft. 
All three are designed to eliminate the use 
of inserts and bring about a consequent 


reduction in cost. 


Molding of these parts was accom- 
plished without loose wedges or 
cross pins in the mold. The cross holes 


themselves required no drilling or ma- 
chining. 

Another interesting feature of the parts 
is the incorporation of six internal pro- 
jections 7; in. thick in each of two square 
holes approximately 14 in. on a side. These 
are integral parts of the molding and 
allow the locking of metal pieces in the 
tripshaft. Other projections illustrating 
difficult molding procedure are external 
bosses 1 in. thick and 1 in. long. 

In addition, the molded base has side 
openings and bearing supports. 


Electronic Newspaper 


The electronic newspaper, delivered 
through the air on radio waves, will be 
given a trial in more than 12 metropolitan 
centers early next year by Broadcasters 
Faximile Analysis, which is a group in- 
cluding 22 broadcasters and newspapers. 
This group was organized late in 1944 to 
study the new medium for news trans- 
mission and to develop appropriate trans- 
mitters and receivers. 

Four 94%-in. by 12;in. pages of text or 
photos. can be relayed by radio from any 
FM broadcasting station to the home or 
office recorders during a 15-min broadcast 
with the equipment included in the elec- 
tronic newspaper. Printed pages emerge 
from a slot in the top of the receiver. A 
transparent window enables the person 
viewing the operation to see the page as 
it is being recorded. : 

~ The newspaper operates as follows: copy 
to be transmitted is placed on a revolving 
drum associated with a scanning head in 
the broadcasting station equipment. An 
electric eye scans each minute detail of the 
copy and translates each gradation of 
black into an electrical impulse. ‘This, in 
turn, is converted into a sound signal and 
broadcast by a FM radio station. The 
radio signal is picked up by any standard 
FM radio receiver and is relayed to the 


(Continued on next page) 


Five 3500 hp and one 3000 hp D-C Motors manufactured at the Peterborough 
Works of Canadian General Electric driving main rolls on a 56 inch continuous 
strip mill at The Steel Co. of Canada Ltd., Hamilton, Ont. 


Iu Cauada... 


Rugged ceramic casing for 
foundation unit. 


Wire winding on insulated 
metal core, imbedded in 


cold-setting cement. 


Smooth-turning rotor with 


properly tensioned support 


on collector ring and on 


eight large factories manufacture | winding. 


General Electric products. 30 
engineering and sales offices, 
and 15 warehouses are located 
from coast-to-coast to serve you. 


CANADIAN GENERAL ELECTRIC CO LTD 


Halifax * St. John * Sydney * Montreal * Quebec * Sherbrooke * Chicoutimi + Trois Riviéres * Ottawa ° Toronto 
Hamilton * London * Windsor * New Liskeard * Sudbury « St. Catharines * Nordnda * Timmins * Winnipeg ° Fort William 
Saskatoon. * Regina * Brandon * Calgary * Edmonton * Lethbridge + Vancouver * Victoria ° Trail * Kelowna 
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Graphited-copper shoe in 
cradle arm contacts wind- 
ing and collector ring. 
Short-path conduction. 


25- and 50-watt sizes. ° 
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% This broken-away view of a Claro- 
stat power rheostat tells the story of 
extra-ruggedness. Yes, design, materials 
and fine workmanship simply add up 
to-a control that is just plain tough. And 
everyday usage proves it. »% Write for 
descriptive Bulletin No. 115. 
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(Continued from preceding page) 


recorder connected or built into the radio 
set. A roll of white paper, which has been 
chemically treated to make it electro- 
sensitive, feeds through this recorder. The 
recorder (or printer), synchronized with 
the scanner at the broadcasting station, 
passes an electrical impulse through the 
sensitized paper at every point where grey 
or black appears in the original copy. The 
action of the impulse on the electrolytic 
paper turns the paper black, and thus 


reproduction is obtained. In quality, the - 


_copy printed closely resembles the product 
of the photo-offset process. 


Seeing in the Dark 


Invisible infrared rays are made visible 
by the presence of lead in a material which 
glows after exposure to light, according to 
recent research. 


Waves of infrared radiation are too long 
to affect the eye, while those of ultraviolet 
are too short. However, the latter may 
easily be made visible by the phenomenon 
of fluorescence, used in the fluorescent 
lamp. Here ultraviolet rays are generated 
inside the tube, fall on the ‘‘phosphor” 
with which the tube is lined, and there are 
changed into visible light. Since changes 
of this kind must always be from shorter to 
longer waves, fluorescence by itself cannot 


Resilient, Light-Weight 


NATIONAL 


VULCANIZED 


FIBRE 


FLEXIBLE. 


make infrared waves visible; it could only 
make them still longer. However, there is 
an indirect way in which light can be made 
to come from a phosphor. 


Some of these materials show phos- 
phorescence, as the emission of light con- 


tinues for a time after the original radia- 


tion has been removed. If, while the glow 
remains, the phosphor is exposed to infra- 
red, the brightness may be very slightly 
increased. After that, it quickly fades out. 

Even after the original glow has faded 
completely, an exposure to infrared causes 
emission of light. This effect occurs with 
zinc sulfide, a common phosphor, provided 
it Contains a small per cent of lead. 


With ordinary fluorescence, electrons 
in the atoms of which the phosphor is 
made are knocked out of their normal 
orbits and into higher states by ultraviolet 
rays. As they fall back to their usual 
positions, fluorescence occurs. With phos- 
phorescence, the electrons are delayed in 
their return. According to recent studies, 
the electrons are “trapped” in a higher 
state, from which they are released only by 
infrared rays, provided the lead is present. 
The light given off is green in color. 


With the “‘sniperscope’’ and “‘snooper- 
scope”’ developed during the war, vision in 
total darkness was possible. The subject 
was illuminated with infrared, and a 
special electron tube combined with a 
telescope made the scene visible. 


Latest to Convert to 60 
Cycles 


The Rumford Falls (Maine) Light and 
Water Company’s impending changeover 
from 40-cycle to 60-cycle power is said 
to be the latest such public-utility con- 
version in this country. Although 60-cycle 
current has for somé time been the ac- 
cepted standard for domestic electricity, 
this company has not made the conversion 
before because it uses only 4 per cent of 
the output of the Rumford Falls Power 
Company, its source of supply. The re- 
maining 96 per cent goes to the Oxford 
Paper Company, which will continue to 
use 40-cycle power. In co-operation with 
the Maine Public Utilities Commission, 
the Rumford Falls Light and Water 
Company has decided to make the change, 
at an estimated cost of approximately 


$500,000. 


A consumer survey is being conducted 
by mail to determine exactly what elec- 
trical appliances in customers’ homes will 
need to be converted to use 60-cycle cur- 
rent. So far the plan has met with en- 
thusiastic public support and the change- 
over is expected to be effected without 
difficulty. Complete conversion will re- 
quire an estimated three years. 
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MAGNETICS 


LIGHTING 


ELECTRONICS 


MOTORS & CONTROL 


PROTECTIVE DEVICES 


MEASUREMENTS 
DIELECTRICS _ 
WELDING 
TRANSFORMERS 
METALLURGY 
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CASCADE-CONNECTED TESTING 
EQUIPMENT PROVIDES UP TO 
A MILLION VOLTS, OR MORE 
BY ECONOMICAL STEP-BY-STEP 


METHOD 


EXTRA economy is one of the big benefits 
of the cascade method of obtaining extra high potentials 
for testing cables, ceramic and plastic insulations, and 
other high-voltage devices. The reasons: (1) Standard 
testing transformers and other auxiliary equipment are 
used to obtain the high voltages. (2) Step-by-step 
additions can be made to increase voltages even higher 
as the need arises. (3) The transformers may be con- 
nected in multiple for increased current output at lower 
voltages. 

_ Cascade-connected equipment can be arranged for 
either intermittent, sustained, of even continuous 
voltage requirements. The addition of another testing 


OTENTIAL TESTS! 


om 


1,050,000 
VOLTS 


Herkolite 
Insulating 
cylinder 


* With this equipment you 
may have fest voltages of 
one million or more volts 


Testing transformers, of the number 
tequired, in cascade arrangement 
provide potentials up to 1,050,000, 
at 1000 kva. 


Motor-operated induction voltage 
regulator assures prompt control for 
correct test voltages. 


takes the “kinks” out 
of production problems 


Control table includes indicating 
meters for voltage and _ current, 
electric timing clock, switches, cir- 
cuit breakers and indicating lights. 


transformer and *Herkolite insulating cylinder produces 
substantial increase in voltage. 


EQUIPMENT INCLUDES 


A typical installation includes separate testing trans- 
formers of the number required, motor-operated induc- 
tion voltage regulator and control table, and circuit 
breaker with overload trip coils, control switches and 
indicating lights. For details on cascade arrangements 
for high-voltage testing equipments as they apply to 
your specific circumstances, write giving information on 
your requirements to General Electric Company, 16-215, 
Pittsfield, Mass. For free bulletin describing cascade 
and general-purpose test sets, fill in the coupon. 


tReg: U.S: Pats Off. 


and developments. Each article is written by an 
authority on that subject. 

Reading the REVIEW regularly every month 
is a reliable, yet easy way for you to keep ahead. 


Be sure you have your own copies for study 
and future reference. | 


For barrel bung washers—or 
your products or equipment 
— National Vulcanized Fibre 
gives strength and flexibility 
for improved performance. 
‘Many grades hard and 
bone-like—but others available 
in varying degrees of flexibility. Un- 
usual combination of properties: resil- 
ience, light-weight (about half that 
of aluminum). Easily machined 
and formed. Outstanding 
impact, tensile and dielectric 
strength. Extremely resistant 
to wear and abrasion. Write to 


General Electric Company, 
Apparatus Department, Sec. 401-36, 
Schenectady 5, New York 


SEND YOUR SUBSCRIPTION TODAY! 
$5.00 for 2 years, or $3.00 for 1 year 


Gentlemen: Kindly send me your free bulletin, GEA-4559, on Stationary 
Canadian Postage 25¢ additional 


A-C Testing Equipment arranged in cascade for high-potential testing. 
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THIS TIME IT’S FOR YOU-— 


A booklet for employees... 
explaining graphically how 
the payroll savings plan 
works . . . goals to save for, 


Saving Bonds. 


A red-white-and-blue cer- 
OERICIAL COMMENDATION tificate of commendation 
by the U. S. Treasury for 


every company operating 


and its emplayees are herby offivially sammended by the United States Treatery 
Jor the operation and sappert of the Payroll Savings Plae, We, the andersigued, 
recognize that the Geveraearat was provided with o substantial part of the money 


thi savin plan enables workers to gaia'a large measere of secerit the 
regular porcbase of Ueited States Savings Bonds. 


the payroll savings plan. 
You can display it proud- 
ly, and it will remind peo- 
ple of the importance of the program. 


eps tog healthy future 


e FOR YOUR COMPANY 
e FOR AMERICA 


and how to reach them with ; 


OFFICIAL APPOINTMENT— 


The person appointed 
Official U. S. Savings 
Bond Officer for his or- 
ganization is entitled to 
display this two-color cer- 
tificate of identification 
and the Treasury's appre- 
ciation of his service. 


THE PEACETIME PAYROLL 
SAVINGS PLAN — : 


A booklet, pub- 


lished for key executives by 


the Treasury Department, 
containing helpful sugges- 
tions on the conduct of your 
payroll savings plan for 
U.S. Savings Bonds. | 


Are You Using These Booklets? 


If you're not already using these helps to a healthy future, get in touch with 
your State Director of the Treasury Department Savings Bonds Division. And 


by all means keep up your payroll savings plan. It's a powerful weapon 
for the maintenance of a strong, secure economy — today and tomorrow! 


a SETS a GE ooo ee ee ee a ere 


The Treasury Department acknowledges with appreciation the publication of this message by 
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This is an official U. S. Treasury advertisement prepared under the auspices of the Treasury Department and the Advertising Council 
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new PRODUCTS: 


Scribing Plate 


An engineering material known as the 
Kodak green scribing plate has been 
developed for use with optical compara- 
tors of the contour projection type. 

These plates may be used directly with 
the comparators or as printing masters 
for photographically duplicating the con- 


tour comparator plate. Also, they may 


be used for making small photo templates 
on metals, plastics, and other materials. 

Eliminating the need for hydrofluoric 
acid to etch glass plates, the scribing 
plate consists of a transparent green- 
dyed gelatin coating applied to glass. 
Tolerance lines are scribed on the plate 
by cutting through the gelatin film, which 
will not chip, insuring accuracy. 

By using a supplemental red lhght 
behind the plate, tolerance limits in 
shadowed areas are brought into sharp 
relief, showing as red lines against the 
dark green background.—Eastman Kodak 
Go., Rochester 4,..N: Y. 


Automatic Safety Clutch 


Suited for installation in automobile 
transmissions, propeller shafts of motor- 
boats, for controlling torque in power- 
driven tools, and as a safety coupling in 
printing presses and other types of auto- 
matic machinery is an atttomatic clutch 
safety device. 

The device brings about complete dis- 
engagement of two connected rotary 
machine parts through the automatic 
introduction of a lubricant between the 
frictional surfaces the instant that one 
of the parts is overloaded. 

In one form, the clutch consists of a 
cylindrical shell attached to a hub, 
multiple shoes mounted on another hub 
so that they bear against the internal sur- 
face of the shell, means for controlling 
pressure between shoes and shell, and the 
lubricant.—Polaroid Corp., Cambridge 
389, Mass. 
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Electronic Wheel Balancer 


An electronic wheel balancer for one- 
man operation, with which the operator 
can determine and correct both kinetic 
(static) and dynamic unbalance without 
removing the wheels from the vehicle 
and at an average time of ten minutes 
per wheel, is of primary interest to the 
automotive service industry. 

Three components of this wheel bal- 
ancer are: (1) a magnetic pickup unit 
which, sensitive to vibration amplitudes 
as small as 0.002 in., transmits current 
impulses to a meter calibrated to trans- 
pose the vibrations into a dial reading 
that indicates degree of unbalance; (2) an 
electronic assembly which amplifies the 
energy from the pickup and controls (8) 
a stroboscopic light which, projected at 
the wheel being balanced, shows the oper- 
ator where the wheel is out of balance 
and where corrective weights must hence 
be applied.—Stewart-Warner Corp., Chi- 
cago, Ill. 


Impulse Scaler 


A scaling device for the counting of 
beta particles and gamma rays in radio- 
activity research, Model 161 scaler, is 
expected to find applicationin metallurgy, 
medicine, food technology, chemistry, 
and related fields. It operates on im- 
pulses from a Geiger-Muller tube, and 
actuates an external register once for 
each 64 impulses it receives. 

Features of the scaler are its self-con- 
tained high-voltage supply, and the fact 
that no preamplifier is required for use 
with the tube. The only external parts 
of the counting circuit are the tube for 
detecting radioactivity and the register 
which mechanically records the number 
of impulses. 


The circuit has an input sensitivity of 
0.25 volts, and its resolving time of bet- 
ter than five microseconds allows for 
accuracy even when counting must be 
very rapid. The internal high-voltage sup- 
ply—variable between 600 and 1500 volts 
—is electronically regulated to better than 
0.01% per percent change in line voltage. 
—Instrument Development Laboratories, 
817 E. 55th St., Chicago 15, Ill. 
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AND WHAT THEIR MAKERS 
HAVE TO SAY ABOUT THEM 


Projector 


Big, brilliant pictures are achieved in 
only two-fifths the usual projection dis- 
tance by the Model AP-1 35-mm and 2- 
in. by 2-in. slide projector, which utilizes 
an aspheric condenser system and Luxtar 
projection lens. When a picture is to be 
projected over a large audience, the pro- 
jector is used with an interchangeable 
5-in. lens. 3 


Advantages of aspheric condenser lenses 
include light-concentrating ability and 
sharp wide-angle coverage. The Luxtar 
projection lens is a _ color-corrected 
anastigmat. A permanently polished 
large rhodium reflector and concentrated- 
filament 150-watt bulb complete the 
optical system. 

Heat control is effected by use of a heat- 
absorbing glass to dissipate radiant heat 
before it reaches the slide. Convection 
currents are employed in a multiple- 
chimney construction to circulate air past 
the slide and through the lamphouse.— 
Viewlex Inc., 85-01 Queens Blvd., Long 
Island Ciy-L, NY. 


Portable Heating Unit 


Test-Kit is a compact, portable heating 
unit particularly adaptable for tests and 
demonstrations. It weighs 40 Ib, is 36 in. 
high, 12 in. wide, and 12 in. deep, oper- 
ates on either a-c or d-c, 115 volts, and 


supplies temperatures from 70 F to 400 F. | 


It consists of the following: two Super- 
Heat insulated heat units, 8144 by 10144 
by 8 in.; four infrared reflector lamps 
sealed in vacuum, each 250 watts; a set 
shelf and heat unit adjustments for vary- 
ing distances from the work; a metal- 
edged expanded metal easy-sliding shelf, 
11 by 12 in.; a control switch for each 
heat unit; a sturdy framework to support 
units either vertically or horizontally; and 
attachment cord.—Miskella Infra-Red 
Co., E. 78rd and Grand Ave., Cleveland 4, 
Ohio. 


Electronic Micrometers 


The outstanding feature of four re- 
designed models of electronic micrometers 
is the electronic circuit used in conjunc- 
tion with the micrometer screw thread. 
Accurate readings to 0.00005 in. may be 
obtained. 

Thickness of compressible or noncom- 
pressible, aswell as conducting or non- 
conducting, materials can be measured 
by these instruments. Their precision is 
unaffected by variations in temperature, 
line voltage, vibration, or aging of elec- 
tronic tubes, nor do they require leveling. 
Deviations as small as 0.000025 in. over 
a full l-in. range may be detected.— 
Carson Micrometer Corp., Newark, N. J. 
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Copper Wire Selector 


A calculator of the slide-rule type, 
called the copper wire selector, gives the 
wire size to be used for any load (1 to 100 
amp), at any distance from the fuse box 
(10° to: 1000: ft); for 32-. -110-. 290-2 and 
440-volt lines, according to the maximum 
voltage drop that can be tolerated in the 
particular installation.—Lawrence Engi- 
neering Service, 57 N. Linwood Ave., 
Peru, Indiana. 


Camera 


Designed especially for accurate time 
and motion study work is the Filmo 
“electro’’ magazine-loading electrically 
driven 16-mm motion-picture camera. 
This camera is equipped with a 21-mm 
F:1.9 lens (with a positive view finder and 
matching objective). Other features area 
dial footage indicator, accurate operating 
speeds of 1000, 2000, and 4000 frames per 
minute, and a built-in 24-volt motor, 
which assures constant filming speed at all 
times.—Bell & Howell Co., 7100 McCor- 
mick Rd., Chicago 46, Ill. 


Soil Moisture Meter 


Model RC-12C soil moisture con- 
‘ductivity bridge will measure soil mois- 
ture from approximately field capacity 
to the air-dry state, corresponding to a 
resistance range from 0.2 to 2,500,000 


ohms. Battery-operated, entirely self- 
contained, and portable, this model in- 
corporates a 1000-cycle a-c bridge source, 
and utilizes a ‘‘magic eye’ tuning tube as 
the balance-point indicator to replace the 
usual galvanometer or earphones.—Jn- 
dustrial Instruments, Inc., 17 Pollock 
Ave., Jersey City 5, N. J. 
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Valve for High-vacuum 
Equipment 


A solenoid valve for high-vacuum 
equipment is of particular value in com- 
mercial installations where the time 
necessary for valve opening and closing 
plays an important role in the economy 
and speed of production. 


Manufactured as a straight valve in 
3-in. and 34-in. seat sizes, for 110-volt 
d-c operation, the valve normally is held 
in an open position; but when current is 
applied to the electromagnet housed in 
the cylinder above the connectors, the 
valve closes instantly.— Distillation Prod- 
ucts Inc., Rochester, N. Y. 


Panel Tachometer 


Designed for use where the pickup unit 
or generator must be mounted per- 
manently on a machine, and the meter 
mounted on a panel far removed from 
the generator position, is a panel-type 
electric tachometer. 

The generator consists of a small, per- 
manent Alnico magnet rotor mounted on 
precision sealed ball bearings and capa- 
ble of continuous operation at any speed 
within the limit of the meter. 


The meter is a rectifier type, including 
a sturdy D’Arsonval movement. It is 
capable of withstanding a momentary 
overload up to four times the maximum 
speed indication. Three scale sizes—up 
to 5000 rpm—are available.—Jdeal In- 
dustries Inc., 1642 Park Ave., Sycamore, 
TT. 


Induction Heating 
Generator 


Flexibility of application, heavy con- 
struction, filament-voltage stabilizer, vari- 
able output control, circuit-breaker over- 
load protection, water-pressure gage, 
time-delay water system, and supervisory 
pilot-light control are among the many 
design features incorporated in the Model 
1400 electronic-type Ther-Monic induc- 
tion heating generator. When fully loaded, 
this unit is capable of delivering an out- 
put of 1400 Btu per min or approximately 
25 kw at a nominal frequency of 375 
kilocycles into a piece of work. It has a 
full-load input of 50 kva at 90 per cent 
power factor and is designed to operate 
on a 205-245 volt, 60-cycle, 3-phase power 
supply. 

Since line voltages of 550 or 440 volts 
are common in some plants, provision is 
made for reducing these voltages to 220 
volts through installation of a transformer 
between the line and the generator.— 
Induction Heating Corp., 389 Lafayette St., 
New York 8, N. Y. . 
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Bucket Elevator 


An internally loaded, loop-type bucket 
elevator, known as the ‘‘Interno’’ ele- 
vator, is particularly suited to the gentle 
handling of delicate, relatively small 
manufactured parts through a generally 
upward direction. 

The buckets are unique in that they 
are open only in the back. This permits 
internal loading at foot from a chute 
extending directly through the broad 
side of the steel casing which encloses the 
elevator. As the material flows directly 
into the open backs of the buckets, there 
is no danger of pinching or leakage. 

The elevator can be loaded on both 
sides, either by chute or conveyor extend- 
ing directly over the bucket line at foot; 
and it can be discharged at the top to 
either side.—Link-Belt Co., 807 N. 
Michigan Ave. 6, Chicago 1, Ill. 


Silver Brazing Alloys 


Two silver brazing alloys featuring 
lower silver content are called Easy- 
Flo 45 and Easy-Flo 35. Easy-Flo 45 is 
a 45 per cent silver alloy, which also 
contains copper, zinc, and cadmium. One 
of its features is a low melting range— 


1120 F to 1145 F. The joints produced 


between ferrous, nonferrous, and dis- 
similar metals are strong, ductile, and 
leaktight. 

The 35 per cent alloy has a wider melt- 
ing range—1115 F to 1295 F, and is free 
flowing at an exceptionally low tempera- 
ture for such an alloy.— Handy & Harman, 
82 Fulton St., New York 7, N. Y. 


Resistance-capacitance 
Bridge 


Model 76 resistance-capacitance bridge 
has a main 4-in. diameter dial with the 
same calibrated and linear scale for all 
functions. The absence of crowding at the 
high end makes for easier and more 
accurate readings. Both resistance and 
capacitance readings are covered by six 
overlapping ranges for maximum sensitiv- 
ity and accuracy. The ‘‘magic eye’’ null 
indicator provides the positive, quick 
indication of balance. 


The bridge measures capacitance from 
100 wuf to 200 mfd in the six ranges, 
resistance from 10 ohms to 200 megohms, 
and power factor from 0 to 50 per cent. 
It also provides d-c polarizing potential 
for leakage measurements from 0 to 600 
volts, d-c, continuously variable and 
calibrated in volts, and checks leakage 
of electrolytic capacitors or insulation 
resistance of paper or mica capacitors.— 
Aerovox Corp., New Bedford, Mass. 


(Continued on next left-hand page) 
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instrument 


witha _ scale 


~accurately © 


_ Concentric-scale Instruments ‘mean a 36 per cent longer scale in 40 


per cent of the panel space—for that is the comparison between theG-E 
long-scale, 47-inch switchboard instrument and the conventional-scale, _ 
six-inch rectangular, semiflush switchboard instrument. Here is what the _ 


long (7-inch) scale, spanning 240 degrees, means to you: 


For voltage— The extra length permits more precise control of station 


bus voltage. See how easy it is to read to one volt on the scale. 


For current—Readings can be taken from full scale down to approximate- _ 


_ ly 10 per cent of this value, thus extending the useful range. | 


For power—Wattmeters and varmeters not only have long scales, but 


the divisions are evenly spaced throughout— an added advantage con- 


tributing to more accurate readings. 


readings; more precise control. 


_ For frequency—The 7-inch scale, calibrated 55-65 cycles, permits closer _ 


For temperature—The scale, nearly twice as long as usual, permits closer _ - 
watch over critical heating. . 


Other accuracy features—One per-cent accuracy rating, thorough shield- _ - 


ing, antiparallax scale and pointer, and non-glare glass. 


Insist on G-E concentric-scale instruments for all new installations. _ 


Write your nearest G-E sales office for Bulletin GEA-3432. Apparatus 
Dept., General Electric Company, Schenectady 5, N. Y. 


HEADQUARTERS FOR MEASUREMENTS 
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NEW PRODUCTS (continued) 


Electronic Tester 


A portable, graphic type of instrument 
for servicing radio and other electronic 
equipment simplifies the selection of the 
desired function and range. The tester is 
read as easily, quickly, and accurately 
as a graph. The desired function and 
range are selected by means of two 
switches on the selector system. The func- 


tion switch is set for the type of measure- 
ment desired, and the range switch for 
the range of the type of measurement 
indicated by the function switch. The 
adjustment knob is used to set the meter 
pointer to 0 ohms for the three ohmmeter 
ranges. The operator then finds the correct 
reading on the meter.—Sterling Manu- 
facturing Co., Cleveland, Ohzo. 


Ammeters and Voltmeters 


A recently announced complete line of 
d-c moving-vane-type ammeters and volt- 
meters has exceptionally long, easy-to- 
read scales. Pointer oscillation is reduced 
to a minimum by the high-torque light- 
weight movement. 


Sharply defined numerals and gradua- 
tions are lithographed on the warp-proof 
color-fast metal dials, which have a scale 
arc length of 80 deg on the center-zero 
type and 60-deg arc on the zero off-center 
type.—U.S. Gauge Dwiv., American Ma- 
chine and Metals Inc., Sellersville, Pa. 


Speed Reducers 


A complete standardized line of com- 
pact speed reducers, built around double- 
enveloping cone-drive gearing, has been 
announced. These units, in various 
models to fill practically every require- 
ment, have more teeth in contact and 
more contact per tooth than any other 
type of right-angle reduction gearing. 
Smaller gears can be used to transmit a 
given load, resulting in more compact 
housings. 


The new line includes models with 
pinion under, or over, and with gear 
shaft vertical. The center distances of 
from 2 to 18 in. cover a power-transmis- 
sion range equivalent to 3 to 24 in. 
center distance in worm gearing. 


Cooling fins on the units increase 
thermal capacities.— Michigan Tool Co., 
7171 E. McNichols Rd., Detroit 12, Mich. 


Electrode 


An extrusion-coated  self-hardening 
electrode now widely available has excel- 
lent arc characteristics, working equally 
well with either an a-c or d-c machine. 
Other properties include: no slag inter- 
ference and easy slag removal; more rapid 
deposition rate than dipped-type elec- 
trodes; can be applied in all positions; no 
loss of hardness or wear resistance on 
multiple layers; solid, dense deposit with 
minimum of porosity; satisfactory appli- 
cation within wide range of amperages; 
any desired type of bead can be applied.— 
Air Reduction Sales Co., 60 E. 42nd St., 
New York 17, N. Y. 


Elapsed Time Indicator 


Model HM3 elapsed time indicator, 
operating on 115 volts, 60 cycles, indi- 
cates elapsed time from 0 to 9999.9 
hours. The unit conforms with standard 
JAN I-6 mounting dimensions. 


This instrument features glass-to-metal 
hermetic seal construction which assures 
exclusion of dust, dirt, moisture, etc.— 
Marion Electrical Instrument Co., Man- 
chester, N. H. 


Disk File 
A disk file for use on light alloys, die 
castings, and plastics is designed to 
facilitate the facing of rough castings, 


and removing of unwanted projections, 
such as flash-or draft, gates, risers, etc. 


It consists of double-cut segments of 
solid Kennametal, securely dovetail- 
wedged into a 12-in.-diameter steel body 
which can be supported and driven by 
any <Ssuitable “means: “Uhe= teeth are 
formed and positioned so that the ma- 
terial is sheared off in clean-cut chips.— 
Kennametal Inc., Latrobe, Pa. 


Diesel Engine Pyrometer 


Designed for commercial diesel engine 
applications is Model 6-426 diesel engine 
pyrometer. It has a millivoltmeter-type 
movement correctly damped to resist 
vibration and yet give quick response to 
temperature changes. 


A rotary switch is provided, having 24 
points and a specially designed universal 
dial which enables the user to adapt it for 
various combinations of engines and num- 
bers of cylinders. 


Thermocouples are designed for instal- 
lation in practically all types of engines.— 
Bristol Co., Waterbury 91, Conn. 
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Switchboard Tachometer 


Speeds as low as 1 rpm or 4 ft per min 
are easily measured with Series 40B 
tachometers, which are particularly use- 
ful for measuring extrusion speeds in 


metal processing mills and for other ap-. 


plications where the low speed to be 
measured is not geared to a high-speed 
drive. 


The device consists of a tachometer 
head and an indicator or recorder which 
may be mounted any distance from the 
head. The head is a simple contact- 
making mechanism which is connected in 
series with a reactance; and the indicator 
is connected to a voltage source, so that 
current flowing through the indicator is 
directly proportional to the speed. Oper- 
ating power is obtained from 110-volt 
60-cycle supply, and the calibration is 
unaffected by line-voltage changes.— 
Metron Instrument Co.,\Denver, Col. 


Heat Lamp 
Development of a 250-watt self-reflect- 
ing infrared lamp, with a bulb of hard 
glass to insure safety, and with a ruby- 
hued filter to reduce brightness and pro- 


vide greater eye comfort, has been an- 
nounced. 


Thelamp’s ruby “‘lens’”’ filters out harsh 
glare. Its silvery built-in reflector projects 
heat rays in the same manner that a 
spotlight concentrates visible radiations. 
The single, self-contained, hermetically 
sealed lamp fits into ordinary household 
light sockets.—General Electric Co., Lamp 
Dept., Nela Park, Cleveland, Ohzo. 


Dual Power Supply 


Two independent regulated power 
sources are combined in a single unit 
(CML-1115) for’ “B’ and “C’. power 
supply. The “‘B’’ supply furnishes a con- 
tinuously variable d-c voltage from 180 
to 800 volts, at 70 ma, with a maximum 
ripple of less than 25 mv. The negative 


side of the supply is isolated from the 
chassis, so that the +B may be grounded 
if it is desired to use the supply as a 
source of grid bias for tubes which draw 
heavy grid current. A continuously 
variable d-c voltage from 0 to 75 volts 
with less than 7 mv ripple is furnished by 
the ‘‘C”’ supply.—Communication Meas- 
urements Laboratory, 120 Greenwich St., 
New York, N. Y. 


Ventilating Fan 


Homes or kitchens with thin-wall con- 
struction. may secure ventilation by the 
Ilgvent 8-in. package-type ventilating 
fan. Available with a 3%%-in. sleeve, it 
may be mounted in the wall, or in a steel 
sash or other small panel window. Capac- 
ity of the fan is 350 cu ft per min, which 
will provide a two-minute air change in 
rooms up to 700 cu ft in size.—ILG Elec- 
tric Ventilating Co., Chicago, Ill. 
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LITERATURE 


Alloys—A 24-page bulletin offers engi- 
neering information on strength, elec- 
trical resistivity, modulus of elasticity, 
heat treatment, temperature limits, and 
magnetic properties of the high nickel 
content alloys, Monel, Nickel, Z Nickel, 
L Nickel, Inconel; and specialized Monels 
K, R, and KR for machining and heat- 
treating properties.—Alloy Metal Wire 
Company, Inc., Prospect Park, Pa. 


Appliances—Brochure containing detailed’ 


information for building or remodeling 
a home. Plans for the use of electrical 
applications in kitchens, laundries, heat- 
ing and air-conditioning. Illustrations for 
these plans also cover wiring and elec- 
tronics. Available at 25 cents a copy.— 
Home Bureau, General Electric Company, 
Bridgeport, Conn. 


Insulation—Indexed and profusely illus- 
trated, a 48-page booklet illustrates the 
manufacturing process involved in stea- 
tite insulation, with a table of properties 
and applications for the finished product. 
Insulators of several types, such as 
coaxial-cable insulators, lead-in insu- 
lators, and spreader and strain insulators 
are described with ‘illustrations and 
specifications.—General Ceramics and 
Steatite Corporation, Keasby, New Jersey. 


Optical Inspection—The Optical Pro- 
jection Comparator is described in a 
four-page bulletin, with the operation 
illustrated in a series of steps. Useful 
accessories also included.-—Engineers Spe- 
cialties Division, Universal Engraving and 
Colorplate Co., Inc., 980 Ellicott Street, 
Buffalo 8, N. Y. 


Process Control—Process controllers, 
control components, measuring compo- 
nents, and instrument combinations are 
described and illustrated, with application 
data including sizes, pressure standards, 
and ranges. Eight pages in this Bulletin 
17.—Baily Meter Company, 1050 Ivanhoe 
Road, Cleveland 10, Ohio. 


Pyrometers—Bulletin D602-4 describes 
line of portable pyrometers. Specifica- 
tions for the proper selection of extension 
holders, adapters, and thermocouple tips 
are listed in chart form. Four pages.— 
Wheelco Instruments Company, 847 W. 
Harrison Street, Chicago 7, Il. 


Relays—In Bulletin 105 are described 
the midget-base relays designed for use in 
small radio transmitters, aircraft control 
units, and applications where space is 
limited. Coil and contact data, contact ar- 
rangement diagrams, dimension sketches 
of front- and rear-mounted units, and 
enclosing-cover data for both standard 
and heavy-duty relays are given.— Ward 
Leonard Electric Company, 81 South 
Street, Mount Vernon, New York. 


Tool Steel—Industrial knives made from 
composite steel in eight standard sizes to 
meet most requirements are described. 
Selection of backing steel, design of bevels, 
and drawings for assembly. Twelve pages. 
—Jessop Steel Co., Washington, Pa. 


Welding—Portable spot-welding equip- 
ment described in Bulletin 5-008, with 
parts illustrated for air, hydraulic, and 
manual operation. Eight pages. The 
12-page Bulletin 2-413 is designed to 
assist in the selection of proper resistance 
welding equipment for specific production 
jobs. Illustrations, photographs, charts, 
and engineering data are given.— Taylor- 
Winfield Corporation, Warren, Ohzto. 
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INSTRUMENTS? 
Oscillographs 
Flux Meters 
Watt-hour Meters _ 
Flow Meters 


- Light Meters 
Cardiograph 
Recorders 
Vibration Pick-ups: 


Ammeters 
Voltmeters 
Galvanometers 
Seismographs 


RADIO, SOUND AND COMMUNICATIONS EQUIPMENT? 
Sound-powered : Vibration Pick-ups 
.Telephones Polarized Relays 
Telephone Ringers Generators 
~ Voltage Regulators Meters 
Phonograph Cutting Heads Magnetron Fields 
Phonograph Pick-ups : 


Loud Speakers | 
Headsets 
Microphones 
Hearing Aids 
Electrical Musical 
Instruments 


AUTOMOTIVE AND AVIATION EQUIPMENT? 
Voltage Regulators Generators 
Motors | Magnetic Oil — 
Speedometers Filters 


Magnetos 
Tachometers 
Compasses 


A: 


“THESE PRODUCTS? 


Arc Blow-out Magnets Clocks 
Temperature and Pressure _ Toys and Novelties 
Control Equipment Coin Separators 
Circuit Breakers for Vending 
Limit Switches Equipment 
Holding Magnets 


Magnetic Separators 
Magnetic Chucks | 
Magnetic Conveyors 
Magnetic Clutches 
Magnetic Damping 
Devices = 


PER manu 
TAAGAENS 
fe e Sreelaalry 
ee 


F YOU make any of the above products, you 

should be interested in finding out how better 
permanent magnets can improve efficiency and 
reduce costs. Put your design, development or 
production problems up to The Arnold Engi- 
: Weaeta : is heen Write for Technical Bul- 
neering Company. Arnold engineers have bee cui Barainen OMPAe: 
nets for Industry,’’ 
containing valuable data 
on design, production 
characteristics and appli- 
cations of Permanent 
Magnets. 


of great assistance to many manufacturers and 
are at your service to advise exactly what Alnico 
: permanent magnet will solve 

your particular problem. 


HE ARNOLD ENGINEERING COMPANY 


SUBSIDIARY OF ALLEGHENY LUDLUM STEEL ‘CORPORATION 
147 EAST ONTARIO STREET, CHICAGO 11, ILLINOIS 


Specialists in the manufacture of ALNICO PERMANENT MAGNETS 


GENERAL ELECTRIC REVIEW - 57 


THE LIBRARY SECTION 


RECENT ARTICLES AND NEW BOOKS OF INTEREST TO INDUSTRY 


AERODYNAMICS 
Recent Aerodynamic Developments. 


Ernest F. Relf—Roy. Aero. Soc. Jour., 
June, 1946; v. 50, pp. 421-449. 

Thirty-fourth Wilbur Wright Memorial 
Lecture. 


AIRCRAFT 
Nofes on the Design of Pressurized Cabin Aircraft. 


Daniel O. Dommasch—Jour. Aero. Sci., 
June, 1946; v. 18, pp. 302-308. 


AIR FLOW 
Calculation of Flow of Air and Diatomic Gases. 


Chester W. Smith—Jour. Aero. 
June, 1946; v. 18, pp. 309-315. 


Measurements of Friction in a Pipe for Subsonic and 
Supersonic Flow of Air. 


J. He Keenan and): B. P.. Neumann 
Jour. App. Mech., June, 1946; v. 13, pp. 
A91-A100. 


Vortex Frequency and Flow Pattern in the Wake of 
Two Parallel Cylinders at Varied Spacing Normal to 
an Air Stream. 


Herman M. Spivack—Jour. Aero: Sci., 
June, 1946; v. 13, pp. 289-301. 


ALLOYS 
Beryllium Copper—lts Uses and Potentialities. 


H. G. Williams——Steel, May 18, 1946; v. 
118, pp. 83-91, 142, 144, and 146. 


German Ceramic Developments Include Magnetic 
Materials. 


Elec. Mfg., May, 1946; v. 87, pp. 142, 
226, 228. 

Short account of the properties of a 
magnetic ‘‘ceramic’’ substance composed, 
approximately, of 80 parts Fe.03, 15 parts 
soapstone, and 5 parts MgCos3. 


SOs: 


Permanent Magnet Steels. 


W. E. Ruder—Iron Age, May 9, 1946; 
v. 157, pp. 65-69. : 

Among the materials covered, in addi- 
tion to the older C, Cr, and W types, are 
the Alnico group, Comol, Silmanal, 
Vectolite, Cunico, and Cunife. 


AMPLIFIERS, DYNAMOELECTRIC 
The Amplidyne. 


John R. Williams—Elec. Engng., May, 
1946; v. 65, pp. 208-213. 

Explains the characteristics and operat- 
ing principles of the amplidyne generator 
by comparison with a conventional d-c 
generator. 


BALANCING 


Precision Dynamical Balancing of Rotors by Mechan- 
ical Resonance. 


R. N. Arnold—Engng., May 24, 1946; 
v. 161, pp. 481-482. 


BEARINGS 
Bearing Failures—Causes and Cures. 


R. W. Dayton and R. E. Adams— Mach. 
Design, May, 1946; v. 18, pp. 113-116. 


CABLES 
Novel Trends in European Cable Design. 


Otto Jensen—Elec. Wld., May 11, 1946; 
Vv. 125, pp. 76-77. 

High-voltage buried cable design, alu- 
minum for sheathing, continuous press- 
drawn polyvinylchloride insulated cable, 
and flat synthetic house wiring cable. 
From a report on German developments. 
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CARRIER-CURRENT COMMUNICATION 


Developments in Rural Telephone Service of Interest 
to Electric Utilities. 


A. E. Silver—Edison Elec: Inst. Bul., 
June, 1946; v. 14, pp. 199-204. | 

On carrier-current telephony over 
power lines. 


CONDENSERS, STEAM 
How to Compare Steam Surface Condensers. 


C. L. Waddell— Power, June, 1946; v. 90, 
pp. 363-365. 

A method that compares performances 
of condensers unlike in design and operat- 
ing conditions and that may be used to 
evaluate either existing units or proposals 
for new installations. 


CONDUCTORS 
Design Data for Beaded Coaxial Lines. 


C. R. Cox—Electronics, May, 1946; v. 19, 


pp. 180-135. 
Determination of characteristic im- 
pedance, optimum insulator spacing, 


attenuation, and maximum power ratings. 
Choice of insulator materials and shapes 
for beads. 


ELECTRON ACCELERATORS 
Nuclear Research in General Electric. 


C. G. Suits—Edison Elec. Inst. Bul., June, 
1946; v. 14, pp. 213-216. 


ELECTRON DISCHARGE 


Secondary Electron Emission From Oxide-coated 
Cathodes. 


Martin A. Pomerantz—Franklin Inst. 
Jour., June, 1946; v. 241, pp. 415-433. 


ENGINES 


Research Solves Problems of Highly Supercharged 
Diesels. 


S. A. Tucker—Power, June, 1946; v. 90, 
pp. 360-362, 480a, 430b. 

Based on a paper by J. Calderwood 
before the N. E. Coast Inst. Engrs. and 
Shipbldrs. 


FLOW METERS 
Flow-rate Metering Enters a New Technical Era. 


Kermit Fischer—Instruments, June, 1946; 
v. 19, pp. 331-334. 


FLUID FLOW 


On the Velocity Distribution of Turbulent. Flow in 
Pipes and Channels of Constant Cross Section 


Chi-Teh Wang—Jour. App. Mech., June, 
1946; v. 18, pp. A85-A90. 


Study of Flow of Plastics Through Pipes. 


R. C. Binder and J. E. Busher—Jour. 
App. Mech., June, 1946; v. 13, pp. A101- 
A105. 

Theoretical study of flow phenomena 
for heterogeneous fluids, such as sand, 
dust, clay, paper pulp, and sewage sludge, 
suspended in a fluid. 


FOUNDRY PRACTICE 
Sand Casting in Aluminum Alloys. 


E. Carrington—Li. Metals, June, 1946; 
v. 9, pp. 281-291. 

The theory and practice of the use of 
moulding sands are presented, moulding 
systems and methods outlined, and 
representative casting practices described. 
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FRICTION 
Sliding Friction Under Extreme Pressures, Pt. 1. 


S. J. Dokos—Jour. App. Mech., June, 
1946; v. 18, pp. A148-A156. 

Covers the experiments which have 
been made on sliding friction at normal 
temperatures. Further experiments on 
boundary lubrication at normal tempera- 
tures and sliding friction at elevated 
temperatures will be reported in a second 
paper. 

FURNACES, INDUSTRIAL 


Air-gas Ratio Control Applied to Neonatmospheric 
Pressure Furnaces. 


HH” Cc. McRae——A Seva. - Erans.. May. 
1946; v. 68, pp. 385-390. 


FUSES 
Fuses Fall Short of Transformer Capabilities. 


L. L. Stahler—Elec. Wld., May 11, 1946; 
v. 125, pp. 29-94. 

Thousands of dollars lost annually in 
unrealized short-time overload capacities, 
blown fuses, and service impairment 
because ideal fuse is lacking. It should 
simulate the known time-current charac- 
teristics of transformers. 


GLASS 
Some Uses of Glass as an Engineering Material. 


Charles F. Lindsay—Mat. & Methods, 
May, 1946; v. 28, pp. 1284-1288. 


GRINDING AND POLISHING 
Modern Flat Surface Grinding Practice. 


J.C. Arndt and W. S. Hallowell— Mach.., 
May, 1946; v. 52, pp. 168-172. 

The design of parts for surface grind- 
ing, and materials that can be surface 
ground are presented in this article—the 
first of a series on the subject. 


GEARS 
Design and Application of Rail-transportation Gearing. 


D. R. Meier and J. C. Rhoads—Jour. 
App. Mech., June, 1946; v. 13, pp. A127- 
A136 

The major design considerations are 
treated and methods given for the cal- 
culation of gear-tooth stresses. Several 
charts used in making design calculations 
are included. 


GLARE 


Discomfort Glare and Angular Distance of Glare- 
source. 


Matthew Luckiesh and S. K. Guth— 
Ilium. Engng., June, 1946; v. 41, pp. 
485-492. 


INSTRUMENTS 
Improved Measurements for Industrial Processes. 


Douglas M. Considine and Donald P. 
Eckman— Steel, May 20, 1946; v. 118, pp. 
114-116, 133. 

Some of the newer electronic instru- 
ments aiding industry today are briefly 
described in this the first of a two-part 
article. 


lonization Gauge of Simple Construction. 

Charles M. Fogel—Inst. Radio Engrs. 
Proc., May, 1946; v. 34, pp. 302-305. 

The Sol-air Thermometer—A New Instrument. 


C. O.. Mackey and L. T. Wright, Jr.— 
Heat. Piping & Air Cond., May, 1946; 
Vecliss pps 107-21: 

(Continued on next left-hand page) 
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Werre building 
a new plant 
to make some 


AMAZING 
THINGS 


I: you happen to be driving upstate 
in New York—in the neighborhood of 
Waterford—one of these summer days, 
you'll get a chance to see a marvelous 
new plant we’re building there. 

You may not be impressed at all. 
You might say, “‘It’s got brick walls... 
an ordinary-looking water tower ... . 
looks like a lot of other plants.” 

And you’d be right. But wait a 
minute. The big amazement is inside 
this new plant of ours. It’s there that 
we are going to turn out products— 
and enough of them—to reshape a lot 
of things... 

You see, this new plant is going to 
make’ silicones—not just precious test- 
tube grams of that amazing stuff—but 
silicones by the drum and by the car- 
load. : 

A very special kind of sand is an 
important raw material from which we 
get one of the basic ingredients of the 
silicones. And it is this inorganic sand 
that makes the silicones so incredible. 
Oil... grease .. . electrical insulating 
“paint 3°. rubber: 
DRI-FILM water repellents 


materials. . 
plastics: 27.).; 
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to apply to practically any kind of 
material that should shed moisture 
rapidly. And what products they’re 
going to be! 

Take silicone rubber, for example. 
It stays rubbery from 600° F to 60° 
below zero. You wouldn’t expect any 
rubber but silicone to stand such an 
ordeal. 

The same immunity to heat, cold, 
and moisture, too, is common to all 
silicone products. And that’s the reason 
why silicones should find so many uses. 
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This new plant of ours will get rolling. 
early next year. Meantime, if you 
would like to experiment with silicone 
products, you can get limited quantities 
from the General Electric pilot produc- 
tion plant—the same.one that supplied 
silicone rubber for heat-resistant turbo- 
supercharger gaskets during the war. 
Of course, we’d be glad to help you 
find the most effective use for silicones 
in your business. Just write to the 
Chemical Department, General Elec- 
tric Company, Schenectady, New York. 
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LIBRARY SECTION (continued) 


LIGHTING—AVIATION 


Approach and Runway Lighting for Adverse Weather 
Conditions. ; 
G. -M.. Kevern-—illum:., enone... June, 
1946; v. 41, pp. 455-473. 
Memorandum Report—Serial No. 
TSEPE-656-1566 Army Air Forces, Air 
Material Command, Engineering Divi- 
sion. 


LUBRICATION 


High-temperature High-speed Testing of Lubricating: 


Greases. 


aE, Macphearson—A.S.T. M. Bul; 
May, 1946; pp. 638-71. 


MAGNESIUM 


Rates of High-temperature Oxidation of Magnesium 
and Magnesium Alloys. 


T. E. Leontis and F. N. Rhines— Metals 
Tech., June, 1946; v. 18, Tech. Pub. No. 
2003; 28 pp: 


Relative Significance of Design and Metallurgical 
Factors to the Serviceability of Magnesium Castings. 


George H. Found—Aluminum & Mag- 
nestum, June, 1946; v. 2, pp. 18-21, 30-31. 


MOTORS 

Modern Double-reduction Traction Motor. 

Lamier Greer—AIEEL6-90, Mar., 1946; 
8 pp. 

Some Factors Affecting Design of Ultra-small Motors. 


Pp. H. Trickey——#lec..: Mfs.; May. 1946% 
v. 37, pp. 125-127, 184. 

Six parameters, presented in detail, 
must be especially determined for these 
small motors from test or otherwise, be- 
fore performance can be calculated. 
Eight references. 


METALLOGRAPHY 
Grain-growth Inhibitors in Steel. 


James W. Haley— Metals Tech., June, 
1946; v. 18, Tech. Pub. No. 2030, 11 pp. 


Relationship Between Transformation at Constant 
Temperature and Transformation During Cooling. 


G. K. Manning and C. H. Lorig— Metals 
Tech., June, 1946; v. 18, Tech. Pub. No. 
2014, 22 pp. 


Temperature Range of Martensite Formation. 


R. A. Grange and H. M. Stewart— 
Metals Tech., June; 1946; v. 138, Tech. 
Pub. No. 1996, 24 pp. 


METALS 
Atomic Physics and the Strength of Metals. 


N. F. Mott—Engng., June 14, 1946 v.; 
161, pp. 558-560. 

Abridged from a paper before the 
Institute of Metals. 


‘“Hypersonic’’ Nondestructive Material Testing. 


H. B. Shaper—ZInstruments, June, 1946; 
v. 19, pp. 227-230. 


Photoelectric Method of Measuring Damping in Metal 
Forks at Elevated Temperatures. 


T. E. Pochapsky and W. J. Mase— 
Sour. App. ‘Mech.;s June, 1946; v.13. pp. 
A157-A161. 

Information on the damping capacities 
of metals has become important in de- 
signing high-speed machinery which 
utilizes the natural internal friction of 
metals to suppress resonant vibrations. 


Photoelectric Properties of Metals in a Finely Divided 
State. 


L. J. Riemert—Optical Soc. of Am. Jour., 
May, 1946; v. 36, pp. 278-283. 
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OILS : 
Thermal Polymerization of Drying Oils. 


H. E. Adams and P. O. Powers—Jour. 
App. Physics, May, 1946; v. 17, pp. 325- 
Bors 


PERMEABILITY 
Gas Permeability—An Isostatic Test Method. 


Donald W. Davis—Modern Packaging, 
May, 1946; v. 19, pp. 145-149, 176, 178. 

A new. method and apparatus for 
determining the gas permeability of 
flexible packaging materials under iso- 
static conditions. Includes consideration 
of plastics materials. Tabulation of test 
results. 


- PLASTICS 


Cellulose Ester Plastic Sheeting Produced by Non- 
solvent Continuous Extrusion. 


Modern Plastics, May, 1946; v. 28, pp. 
132-136. 

Using a standard extruder and specially 
developed equipment, cellulose’ ester 
plastic may now be produced in continu- 
ous sheet form in widths up to 24 in. 


PROTECTIVE APPARATUS 


Holding Power Plant Auxiliaries During Power Dis- 
turbances. 


Theodore Maynz—Power Pl. Engng. 
June, 1946; v. 50, pp. 88-89. 

A method of connecting and controlling 
motor-driven power plant auxiliaries to 
prevent their failure, and consequent 
plant shutdown, in case of electrical dis- 
turbances. Pertains especially to isolated 
industrial generating plants. 


Well-chosen Alarm and Shutdown Instruments Guard 
Life and Equipment. | 

C. 8S. Beard—Power, May, 1946; v. 90, 
pp. 310-313. 

On protective devices, other than the 
normal controls, for maintaining safe 
operating limits in process operations. 
Serial. 


PUMPS 
Acid Pumps. 
Jee Sprecher, Sa) cer aeech. -Rev., No... 3, 
1945; pp. 1-9. 

Construction of pumps for conveying 
corrosive acids. 


Rotary Pump Theory. 
W. Ee Wilson=AUS WV Ee frans:, May, 
1946; v. 68, pp. 371-384. 

A theory describing the performance of 
rotary positive-displacement pumps and 
fluid motors in terms of torque and deliv- 
ery. 


PYROMETERS 

Radiation Pyrometer for Open-hearth Bath Measure- 
ments. 
H. T. Clark and S. Feigenbaum— Metals 
Tech., June, 1946; v. 18, Tech. Pub. No. 
2031, 13 pp. 


RADIO 

Cylindrical Shielding and Its Measurement at Radio 
Frequencies. 

Alton R. Anderson—ZIJnst. Radio Engrs. 
Proc.,. May, 1946; v. 34, pp. 312-322. 


Design and Use of Directly Coupled Pentode Trigger 
Pairs. ; 
Victor H. Regener—Rev. of Sci. Instr., 
May, 1946; v. 17, pp. 180-184. | 

A trigger circuit using two pentodes 
with direct plate-to-screen coupling. 


Note on a Simple Transmission Formula. 


Harald T. Friis—IJnst. Radio Engrs. Proc., 
May, 1946; v. 34, pp. 254-256. 
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Preview of the Western Union System of Radio Beam 
Telegraphy. 

Julian Z. Millar—Franklin Inst. Jour., 
June, 1946; v, 241, pp. 397-418. 

The use of radio relay circuits in tele- 
graph communication. One of the ob- 
jectives is to do away with pole line cir- 
cuits. 

Radiation of Ship Stations on 500 kc per sec. _ 
J. Marique—Waureless Engr., May, 1946; 
v. 23, pp. 146-151. 

A study of the range of radio trans- 
mission between ships under various 
conditions, particularly as it influences 
the effectiveness of distress signals. 


Status of Railroad Radio. 


Milton B. Sleeper—FM & Television, 
June, 1946; v. 6, pp. 19-20, 58. 

A progress report and a re-evaluation 
of radio services for railroads. Includes 
reference to ‘Radin,’ a:radio ‘device for 
indicating the distance between two 
trains on the same track. 


Transmission Lines for FM Stations. 


C. Russell Cox—FM ®& Television, June, 
1946; v. 6, pp. 28-31, 59. 

Data on the characteristics on coaxial 
lines, and methods of installation. Serial. 


REFLECTION 
Natural Light Reflected from the Ceiling. 
B. F. Greene—Illum. Engng., June, 1946; 
v. 41, pp. 474-484. 

A method of calculating the amount of 
natural light reflected from the ceiling 
to a point in the rear of the room. 


ROTATION 


Calculation of the Multiple-span Critical Speeds of 
Flexible Shafts by Means of Punched-card Machines. 


A. W. Rankin—Jour. App. Mech., June, 


1946; v. 18, pp. A117-A126. ae 


A: 2method.:;.employing standard 
punched-card business machines to avoid 
the prohibitive manual calculations hith- 
erto involved in such work. 


Equivalent Circuits for the Numerical Solution of the 
Critical Speeds of Flexible Shafts. 


Jour. App. Mech., June, 1946; v. 138, pp. 
A109-A116. 


RUBBER 


Applications of Infrared Methods in the Structural 
Examination of Synthetic Rubber. 


oat Held: and. others—-Jour 7. A pp. 


Physics, May, 1946; v. 17, pp. 386-392. 


Electrostatic and Tensile Properties of Rubber and 
GR-S at Elevated Temperatures: 


R. S. Havenhill and others—Jour. Apb. 
Physics, May, 1946; v. 17, pp. 338-346. 
A new apparatus for measuring elec- 
trostatic contact potentials on various 
materials at elevated temperatures. 


Significance of the Equation of State for Rubber. 


Eugene Guth and others—Jour. App. 
Physics, May, 1946; v. 17, pp. 347-351. 


Theory of Permanent Set at Elevated Temperatures 
in Natural and Synthetic Rubber Vulcanizates. 


R. D. Andrews and A. V. Tobolsky— 
Jour. App. Physics, May, 1946; v.. 17, 
pp. 352-361. 


SHORT CIRCUITS 


Simplified Short-circuit Analysis for Small Electrical 
Systems. 


John L. King-—Power, May, 1946; v. 90, 
pp. 300-308. 
How to determine short-circuit current 


in a small industrial generating and dis- 
tribution system. 
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SOUND 
Sonar for Submarines. 
R. S. Lanier and C. R. Sawyer—Etlec- 
tronics, Apr., 1946; v. 19, pp. 99-103. 
Technical details of sonar equipment 
used on submarines for underwater 
listening, including description of super- 
sonic converter circuit, construction of 
highly directive line-type magnetostric- 
tion hydrophones; and analysis of trans- 
mission characteristics of sea water. The 
Navy sc’ JP’ system. 


SOUND RECORDING 


The German Magnetophon; Developments in Re- 
cording with Impregnated Plastic Tape. 
R. A. Power—Wireless Wid., June, 1946; 
V.. 02, pp. 199-198. 

Using a paper or plastic tape coated 
with iron dust to replace the steel wire or 
tape used with magnetic recorders. 


SPECTRUM ANALYSIS 

Commercial Use of Direct Reading Spectrochemical 
Analysis of Magnesium Alloys. 

J. L. Saunderson and T. M. Hess— Metal 
Prog., May, 1946; v. 49, pp. 947-955. 


Electrical Equipment for Spectrographic Analysis. 


R. S. Coulter—Mat. & Methods, May, 
1946; v. 23, pp. 1298-1302. 


STATISTICS 

Plant Tabulations Show Design Trends in Highly Active 

Steam-power Construction. 

Power, June, 1946; v. 90, pp. 372-390. | 
Tabulated information on the main 

features of steam, diesel, and hydro gen- 

erating stations installed since Sept. 1941, 

in the U.S. and Canada. 


STEEL 

Factors for the Calculation of Hardenability. 

Irvin R. Kramer and others— Metals 
Lech. \une, 1946+.v. 13), Vech. Pub. No: 
2029, 28 pp. 


Precipitation-hardening Stainless Steel of the 18 
Per Cent Chromium, 8 Per Cent Nickel Type. 

R. Smith and others— Metals Tech., June, 
1946; v. 18, Tech. Pub. No. 2006, 31 pp. 


Tensile Properties of Several Special Steels and 
Certain Other Materials Under Pressure. 


P. W. Bridgman—Jour. App. Physics, 
Mar., 1946; v. 17, pp. 201-212. 


STRAINS AND STRESSES 

Local Stress Distribution in Cylindrical Shells. 

Leon Beskin—Jour. App. Mech., June, 
1946; v. 18, pp. A137-A147. 

Rigid-frame Structures Subject to Nonuniform Thermal 
Action. ; 


Carl C. HH. Tommerup—A.S-C. Ee Proc., 
June, 1946; v. 72, pp. 759-780. 


The problem of determining stresses 
and strains at any point in rigid frames 
whose members are subject to a non- 
uniform temperature differential; that is, 
structural members in which the tem- 


perature on one face is different from that 
on the other face. 


STRENGTH OF MATERIALS 


Instability of Thin-walled Tubes Subjected to Internal 
Pressure. : 


G. Espey—A.S.M.E. Trans., May, 1946; 
v. 68, pp. 281-285. 


SUBSTATIONS 


Simplicity of Substations Rests on Voltage Stratifica- 
tion. 


P. D. Tuttle—EHlec. Wid., May 11, 1946: 
v. 125, pp. 87-89. 

Number of physical levels for each 
voltage should be minimized for simplic- 
ity. How to deal with disconnects and 
straight-through power flow. 


‘Systematic’? Approach to Substation Design. 


De By Craigrand Pe. HH. Light— lee: £7. 
& Pr., May, 1946; v. 24, pp. 60-64. 


TELEVISION 
A Television Signal Generator. 


R. G. Hibberd—Electronic Engng., June, 
1946; v. 18, pp. 174-175, 178. 


CBS Shows Its Color. 


Electronic Ind., Mar., 1946; v. 5, pp. 75, 
118, 124-125. ; 
High-frequency transmission with 
sound on same carrier demonstrates their 
solution of color reception problems. 


Where Color Television Stands. 


Donald G. Fink—FElectronics, May, 1946; 
v. 19, pp. 104-107. 

A point-by-point comparison of the 
color and black-and-white systems, 
equipments, and standards. Suggestions 
for needed research. 


TORQUE-LIMITING DEVICES 

Mechanical Torque-limiting Devices. 

N. C. Weyth and A. F. Gagne— Mach. 

Design., May, 1946; v. 18, pp. 127-130. 
Describes several types of devices for 

protecting machines against excessive 

torque. 


TURBINES, GAS 

The Elbow Combustion Chamber. 

Mi Ax. Wilavers “and. W....W...Carter-— 

“A.S.M.E. Trans., May, 1946; v. 68, pp. 

391-398. 
Developed for use in the gas-turbine 

power plant designed and built for the 


United States Navy by the Elliott Com-' 


pany. 


Refractories for Combustion Turbine Blades. 

r., June 14, £9467 Ve 1S 1s, pp. 549-550. 
aE article on the possibilities of 
ceramic materials for the construction of 
gas turbine blades, to resist the high tem- 
perature involved. 


TURBINES, STEAM 
Practical Information Concerning Steam Turbine Lu- 
bricating Oil. 
S FB. Whirl—Power Pl. Engng,. June, 
1946: v. 50, pp. 64-67. 
Stainless Steels for Turbine Blading. | 

_ H. Monypenny—Siteel Processing, 
Nak 1946; v. 32, pp. 809-3138, 324. — 

Abstract of a paper before the Institute 

of Marine Engrs., England. 


VIBRATIONS 

The Combination of Dynamical Systems. 

Thomas G. Sofrin—Jour. Aero. Sct., June 
1946; v. 13, pp. 281-288. ; 

A method whereby the forced vibra- 
tion characteristics of a system formed by 
interconnecting a group of subsystems 
can be predicted. A mathematical paper. 
Noninductive Wave Analyser Circuits of Constant Q. 
H. G. Yates—Engr., June 7, 1946; v. 181, 
pp. 515-516. 

On electrical tuned amplifiers, or 
analyzers, for sorting out the components 
of a complex vibration. 


WAVE GUIDES 

Engineering Approach to Wave Guides. 
Theodore Moreno—Electronics, May, 
1946; v. 19, pp. 99-108. 

The advantages of hollow, rectangular 
guides are described by comparison with 
coaxial cable characteristics at super-high 
frequencies. 


WELDING 

Critical Review of the Weld Stress Problem. 

J. T. Norton and D. Rosenthal— Weld. 
Jour., May, 1946; v. 25, pp. 227s-282s. 


Factors Affecting Weld Cracking and How to Over- 
come Such Conditions. __ 

L. K. Stringham—Weld Jour., May, 
1946; v. 25, pp. 440-441. 


Investigation of the Effect of Spot Welding on the Sheet 
Efficiency of Aluminum Alloy 24S-T. 


W. F. Hess and others—Weld Jour., 
May, 1946; v. 25, pp. 288s-306s. 


X-RAYS 

X-ray Control in Shipyards. 

L. vanOuwerkerk—Inst. Engrs. & Ship- 

bldrs. Trans., May, 1946; v. 89, pp. 368- 

380. 
Methods and equipment used in Hol- 

land for radiographic examination of ship- 
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FIVE- AND TEN-GALLON 
OPEN AND CLOSED TOP 
I. C. C. PAILS 


FUNNELS e MEASURES e TANK-WAGON CANS 


SEXTON CAN CO 


EVERETT, MASS. 


UNDERGROUND GARBAGE 


SAFETY CANS 


METAL STAMPINGS 


GARBAGE PAILS 
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PROTECTED AND UNPROTECTED 
ADJUSTABLE RESISTORS. 
- “YP TO ‘1000 WATT e 


PROMPT SHIPMENTS 


REX RHEOSTAT CO 


BALDWIN ,L.1., N. Y.. ee 


LIBRARY SECTION (continued) 


BOOKS 


(Avastlable books may be purchased through the 
GENERAL ELECTRIC REVIEW for domestic 
delivery; none sent on approval.) 


Matter and Light—The New Physics. 


Louis de Broglie, translated by W. H. 
Johnston-—300 pp., 1946. Dover Publica- 
tions, New York. $2.75. This is a reprint 
_ of an edition published in 1939 of the 
original French edition which was pub- 
lished in 19387. 


This book contains a series of essays 
which are arranged under the following 
six headings: A general survey of present- 
day physics; Matter and electricity; Light 
and radiation; Wave mechanics; Philo- 
sophical studies on quantum physics; 
and Philosophical studies on various sub- 
jects. : 

With the exception of a chapter on 
the Present State of the Electromagnetic 
Theory and the one on the Undulatory 
Aspects of the Electron which ‘‘can be 
omitted,’’ as stated by the author, ‘‘with- 
out prejudice to an understanding of the 
rest of the book,’ the contents require 
no mathematics. 

The name of the author, a Nobel 
Laureate, is intimately connected with 
the development of wave mechanics, 
as indicated by the designation ‘‘de 
Broglie wavelength’’ in connection with 
the wave aspect of corpuscular motion. 
The dualistic concepts of both energy 
and matter are treated very lucidly and 
an admirable survey is given of present- 
day physics. 

There is, however, no mention, except 
in a cursory reference, to the topic of 
nuclear phenomena. Although there is a 
certain amount of duplication in the 
different chapters, this should not prove 
objectionable. 


The reviewer has found much of this 
presentation extremely stimulating, es- 
pecially the last chapter, entitled ‘‘Ma- 
chine and Spirit’’ which deals with the 
practical applications of science, and 
their relation to human progress. 

This book is distinctly not a text book. 
It is, however, an extremely readable 
volume which contains in fairly non- 
technical language a clear exposition of 
the scope ‘and philosophy of modern 
physics. 

SAUL DUSHMAN 


Straight and Paral 
lel Connectors, © 
Cable Taps, Lugs, “7 
Tees, Service Connectors Grounding 
Clamps, Elbows, etc. etc. 


PENN-UNION ELECTRIC CORP. 
ERIE, PA. 


Soul of Lodestone. 
Alfred M. Still—2383 pp. 1946. Murray 
Hill Books, Inc., New York. $2.50. 

The mystery of magnetism as embodied 
in the Lodestone has intrigued the mind 
of mén throughout the ages. The Thales 
and the Ionian philosophers thought of it 
as harboring a living force-——a Soul. As 
early .as 500 B. C. theories involving 
‘‘pores’’ and ‘‘emanations’’ were devised 
to explain its strange attraction for iron. 
Experimental methods were beneath the 
dignity of the philosophers; thus many 
strange tales were invented and repeated 
through the centuries: ‘‘Garlic is the 
Lodestone’s proper opium”’ or “‘Its virtue 
being lost by enchantment of the dia- 
mond, it can be restored by bathing in 
goat’s blood.”’ 


With the coming of the Dark Ages, the 
persecution of science by the Church, 
and the worship of Aristotle by the 
ocholastics, the experimental method was 
completely ignored and the wild specula- 
tion grew. Four hundred years after 
Roger Bacon made his great plea for 
experimental science and mathematics it 
was still being written that the magnet 
‘gives comfort and peace... . reconciles 
husbands and wives . 1S) a-remedy 
against spleen, dropsy, and falling hair.’’ 


Mesmer and later Reichenbach tried 
to correlate the properties of the magnet 
with their own power to cure illness by 
hypnosis and mental suggestion by ex- 
periments with human beings. Our mod- 
ern conception of magnetic. theory goes 
back to Coulomb’s conception of a fer- 
romagnetic body being composed of 
minute molecular magnets each having 
separated north and south ‘magnetic 
fluid.’’ Ampere suggested the source of 
this molecular magnetism as circulating 
currents and some fifty years later 
Gauss and Weber further enlarged on the 
idea which Ewing in 1890 was able to 
demonstrate by a model and a working 
theory. 


Any historical study of magnetism 
must of necessity include the develop- 
ment of all natural science. In attempting 
to correlate the development of ideas of 
magnetism, gravitation, alchemy, and 
the nature of the universe, the author 
frequently breaks the continuity of his 
presentation and confuses the reader. 
He fails to mention any progress in mag- 
netic theory since Ewing (1890) but in 
his ‘‘Modern Touch’’ chapter speculates 
upon the trends in modern scientific 
methods and the impact of mathematics 
on physics and natural philosophy. 

W. E. RUDER 


Two-way Radio. 


Samuel Freedman—506 pp. 1946. Ziff- 
Davis Publishing Co., New .York. $5.00. 


The author presents two-way radio 
information in nonmathematical form 
with the intent to show that such 
communications are feasible to all persons 
or agencies having use for them. In most 
instances, facts or confirmation of facts 
are based on Mr. Freedman’s 26 years 
of actual experience in radio and elec- 
tronics during which time he has designed 
and supervised the installation of many 
two-way systems for public agencies. 


Having planned for and described the 
equipment that. can be and is used for 
these systems, Mr. Freedman has taken 
the more common applications and 
analyzed the problems peculiar to those 
applications, such as design, cost, power 
supplies, type equipment, frequencies, 
and transmission mediums. Approxi- 
mately 100 pages are devoted to the 
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subject of two-way radio for railroads. 
Although the importance of microwaves 
is noted and frequent reference made to 
it, the subject is treated in another book 
by the same author. 

The book is well written, understand- 
able, and well-illustrated. It is believed 
to be of value for those who are con- 
sidering the problems of two-way’ radio 
communications. 

E. D. EAcuus 


Understanding Microwaves. 


Victor J. Young—385 pp. 1946. John F. 
Rider Publisher, Inc., New York. $6.00. 


For many years the understanding of 
alternating currents was associated almost 
entirely with 60 cycles. When about 25 
years ago radio broadcasting came on the 
scene, the devices, circuits, and formulas 
associated with it seemed strange to 
electrical engineers. With World War II 
came still higher frequencies called micro- 
waves, and again there appeared new 
concepts and devices, strange even to the 
prewar radio engineer. 

This book is an excellent one for elec- 
trical engineers to study to get a really 
useful knowledge of the fundamentals of 
this new advance in science. It is not 
light reading since an understanding of 
microwave phenomena cannot be ac- 
quired that way. The engineering ap- 
proach, with a minimum of mathematics 
and the use, where possible, of analogies 
to power engineering, is helpful. 

Microwave applications are dependent 
on new types of electron tubes and the 
author has done well to include a chapter 
on klystrons, magnetrons, and disk-seal 
triodes. Although the subject of radar is 
included, it is wisely restricted to one 
chapter of less than 30 pages. “ae 

The final 100-page chapter on micro- 
wave terminology is a valuable feature 
since it includes over 120 terms that are 


defined in considerable detail. 
W.C. WHITE 


Varnished Cloths for Electrical Insulation. 


H. W. Chatfield and J. H. Wredden— 
248 pp. 1946. J. & A. Churchill Ltd., 104 
Gloucester Place, Portman Sq., London, 
W. 1. $4.25. 


This book is a primer on the manu- 
facture and use of ordinary yellow and 
black varnished cloth. One of the authors, 
Chatfield, is employed by a varnish 
manufacturer, and the other by an elec- 
trical manufacturer. The authors have 
voiced a plea for co-operation of all groups 
concerned with varnished cloths to im- 
prove the properties of the product. 

The book is divided into sections on the 
chemistry and physical properties of 
fibers and textiles; a brief résumé of the 
ingredients of ordinary oil-base varnishes; 
the proofing or coating of cloth with 
varnish; and finally a section on the test- 
ing and use of varnished cloth. An ap- 
pendix of British and American standard 
specifications and test methods is in- 
cluded. 

The authors emphasize the dependence 
of good properties of the finished var- 
nished cloth on the choice of raw cloth 
and proper application and cure of var- 


nish. Extensive use has been made of . 


photomicrographs to illustrate the nature 
of fibers and the voids that are present in 
various varnished cloths. 

The book does not discuss modern 
varnishes or coating methods. However, 
it does emphasize many of the problems 
associated with varnished cloth, and as 
such will be useful and interesting to 
workers in the field. Jeske SEL ETO 
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16 FLUORESCENT 
LAMP HOLDERS 
EVERY MINUTE 


® Millions of fluorescent lamp holders 
were needed to light up America with 
cool, glare-free illumination. 

Brought to No. 1 Plastics Avenue was the problem of 
greatly increasing lamp holder production without in- 
creasing tool costs. G-E engineers recommended injec- 
tion-molding lamp holders and they suggested using 
a polystyrene material. 


NO FINISHING NECESSARY WITH G-E 
PLASTICS FLUORESCENT LAMP HOLDERS 


The 16-cavity mold was designed with 
thin runners that may be snipped off 
by the molder. This operation is per- 
formed during the one-minute injection 
molding cycle of the next sprue. 


Illustration shows the sprue of sixteen lamp holders as 
it comes from the mold—one sprue is molded during 


every minute of production. 
Thanks to G-E engineering, fluorescent lamp holders 
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DESIGN PROBLEMS IN MOLDING PLASTICS PARTS 


now are produced in greater quantity—and much more 
rapidly—than was possible when they were compression- 
molded from urea and phenolic materials. 

You, too, may be able to save time and money, get the 
production you need when you want it, with precision 
plastics parts engincered by General Electric to meet 
your requirements. Bring your plastics design and pro- 
duction problems to G. E.—the world’s largest manu- 
facturer of finished plastic parts. Avail yourself of 
G-E’s complete plastics service. “Design Data on Plastics 
for Product Designers,” a new G-E bulletin, will be 
sent to you upon request. Write: Section XX-9, Plastics 
Divisions, Chemical Department, General Electric 
Company, 1 Plastics Avenue, Pittsfield, Massachusetts. 
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EVERYTHING IN PLASTICS 


GENERAL ELECTRIC REVIEW | 63 


e DEJUR Precision Poten- 
tiometers give you the com- 
bination of accuracy and 
ruggedness that assures 
long-life dependability. 
These instruments... 
which are used in large 
quantities for radar work... 
are manufactured to toler- 
ances as close as .1% in line- 
arity. Regular production 
runs guaranteed to within 
.o%. Special ‘‘Paliney”’ con- 
tacts can demonstrate abil- 


ity to take over one million 
revolutions without physi- 
cal or electrical deteriora- 
tion. 

Join some of the greatest 
electrical and electronic 
equipment manufacturers 
in the world by ordering 
DEJUR Potentiometers 
from the nearby table. 
Prompt delivery. 
DeJur-Amsco Corporation, 
45-14 Northern Boulevard, 
Long Island City 1, N. Y. 


Sea 
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1— 20,000 [ 300° | 270° 
1— 20,000 70° 


260T | 6 | 20— 50,000 | 324° | 300° 
261 | 6 | 20— 100,000 | 320° | 300° 
271 00° 
275 300° | 
275T 300° 


300° 
| 6 | 1— 50,000 | 258° | 258° 
[6 | 1— 50,000 | 258° | 258° 
| 8 | 5— 50,000 | 248° | 248° 
35 | 100 — 500,000 | 8267 _| 


501 316° 
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are now available... from 
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DAVEN ATTENUATORS with Built-in cueing controls 


tock... 


DAVEN attenuators may now be obtained with a cueing control. Auxiliary switching 
mechanisms are no longer required to cue recordings, transcriptions and remote or 


network programs. 


The control itself will serve to transfer the program material to a separate cueing 
amplifier. Provision is made at the extreme attenuation position for connecting the 
incoming signal to a cue circuit before ‘fading in’’ the signal. As a result, a program 
can be smoothly ‘‘brought in’’ at the right time without the operation of any additional 
switches. A lug on the terminal board is provided for connection to the cueing system. 


Cueing positions can be supplied on Ladder, ‘'T’’, Potentiometer and Ladder Fader 
controls. 30 or 40 step units of 2 DB per step, tapered to off are available. For further 
information write to our Engineering Department. 


“ DAVEN = 


191 CENTRAL AVENUE 
NEWARK 4, NEW JERSEY 


CUEING 


AMPLIFIER 


PROGRAM 
AMPLIFIER 


APPLICATIONS 


Broadcast Stations 


Recording Studios for 
Playback 


Wired Music Services 
Sound Film Industry 


Dubbing & Re-recording 
. for Sound Effects 


